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Abstract

Objective:

Large data on the clinical characteristics and outcome of COVID-19 in the Indian population is
scarce. We analyzed the factors associated with mortality in a cohort of moderately ill COVID-19
patients enrolled in a randomized trial on convalescent plasma.

Setting:

39 public and private hospitals across India.

Participants:

Of the 464 patients recruited, two were lost to follow-up, nine withdrew consent and two patients
did not receive the intervention after randomization. The cohort of 451 participants with known
outcome at 28-days were analyzed.

Primary outcome measure:

Factors associated with all-cause mortality at 28 days post-enrolment.

Results:

The mean (SD) age of was 51+12-4 years; 76:7% were male. Admission SOFA score was 2-4+1-1.
Non-invasive ventilation, invasive ventilation and vasopressor therapy were required in 98-9%,
8:4% and 4-0% respectively. The 28-day mortality was 14:4%. Median time from symptom onset
to hospital admission was similar (p=1.0) in survivors (4 days; IQR 3-7) and non survivors (4 days;
IQR 3-6). Patients with two or more co-morbidities had 2-25 (95%CI:1-17-4-32, p=0-014) times
risk of death. When compared with survivors, admission IL-6 levels were higher (p<0.001) in non-
survivors and increased further on Day 3. On multivariable regression analysis, severity of illness
(HR1-21,95%CI:1-07-1-36, p=0-002), PaO,/FiO; ratio <100 (3:37, 1-54-7-41, p=0-002), Neutrophil
Lymphocyte ratio (NLR) >10 (9-38, 3:67-24-0, p<0-001), D-dimer >1-Omg/l (2-51,1-14-5-51,
p=0-022), ferritin >500ng/ml (2-66, 1-46-4-85, p=0-001) and LDH =450 IU/L (2-96, 1-61-5-45,
p=0-001) were significantly associated with death.

Conclusion:

In this cohort of moderately ill COVID-19 patients, severity of illness, underlying co-morbidities and
higher levels of inflammatory markers were significantly associated with death.

Trial Registration:

The trial protocol was registered with the Clinical Trial Registry of India (CTRI/2020/04/024775).
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Article Summary
Strengths and limitations of this study
Strengths

There is no study from India, with representation from multiple states that has detailed the clinical
profile and evaluated for factors associated with death. This study may help with strategic planning

at a national level.

The primary outcome of the PLACID TRIAL, disease progression or all-cause mortality at day 28, did
not differ across the trial arms, therefore the present analysis need not be adjusted for convalescent

plasma intervention.

There may be variability of treatment provided in the multiple centres, however, care was taken that
patients received best standard of care for covid-19 dictated by the best available evidence at the
time and guidelines for the management of covid-19 issued by health authorities of the Indian

government.
Limitations

The laboratory and biomarker assays for ferritin, lactate dehydrogenase, C reactive protein, and D-

dimer were conducted using tests from different manufacturers.

Participants of this study may not comprise a true observational cohort as this was a post hoc
analysis of a randomized control trial data and extrapolation to the general population must be

carefully qualified.
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Introduction:

The first human case of Corona Virus Disease 19 (COVID-19) caused by the novel coronavirus
(named Severe acute respiratory syndrome coronavirus 2, SARS-CoV-2) was reported in Wuhan
City, China in December 2019. On 30 January 2020, the World Health Organization (WHO) declared
that the outbreak of COVID-19 constituted a Public Health Emergency of International Concern (1).
Based on the high levels of global spread and the severity of COVID-19, on 11 March 2020, the
Director-General of the WHO declared the COVID-19 outbreak a pandemic (2). The sudden
outbreak followed by rapid spread in a globalized world, resulted in a major medical burden,

besides affecting socio-economic wellbeing among all nations.

In India, the disease was first detected on 30 January 2020 in the state of Kerala, in a student who
returned from Wuhan (3). After a brief, initial respite, the virus has spread at a rapid pace in India,
resulting in more than 10 million confirmed cases as of December, 2020 with more than 145,000

deaths (4).

Patients diagnosed with COVID-19 have primarily respiratory symptoms. Most patients diagnosed
with COVID-19 experience mild to moderate respiratory illness, fever, dry cough, fatigue and recover
without requiring special treatment (5). Oxygen desaturation is the hallmark of progression.
Patients with underlying medical problems like cardiovascular disease, diabetes, chronic
respiratory disease, and cancer are more likely to develop serious illness. These patients may
develop viral pneumonia, with resultant dyspnea and hypoxemia which may progress to respiratory
or multi- system failure and even death (6). There is paucity of large-scale data of the clinical
characteristics, outcomes of COVID-19 in the Indian population and evaluation of risk factors with
an unfavorable outcome at a national level. Identification of such potential risk factors is important
to anticipate medical treatment and to reduce the mortality burden for severe COVID-19 illness by

proactive interventions.

The Indian Council of Medical Research (ICMR) conducted a randomized trial (A Phase II, Open Label,
Randomized Controlled Trial to Assess the Safety and Efficacy of Convalescent Plasma to Limit
COVID-19 Associated Complications in Moderate Disease, PLACID TRIAL) to determine the
effectiveness and safety of convalescent plasma in patients with moderate COVID-19 to limit
progression to severe disease (7). Patients enrolled received standard of care for COVID-19 in
keeping with the institutional protocols, based on the best available evidence at the time and

guidelines for the management of COVID-19 issued by national health authorities. Participants in the
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intervention arm received two doses of 200 mL of convalescent plasma, transfused 24 hours apart,
in addition to standard of care. The control arm did not receive any additional therapy. The study
concluded that the use of convalescent plasma was not associated with a reduction in 28-day

mortality (7).

The aim of this analysis was to identify risk factors associated with mortality by mining the data

collected from the cohort enrolled in the PLACID TRIAL (7).
Methods
Participants

The study enrolled patients from 39 different hospitals, of which, 29 were teaching public hospitals
and 10 were private facilities spread across 14 states and union territories. Patients over the age of
18 years who were confirmed to have COVID-19 based on a positive SARS-CoV-2 RT-PCR test and
moderately ill with either a partial pressure of oxygen in arterial blood/fraction of inspired oxygen
(Pa0,/Fi0,) ratio between 200-300 or respiratory rate >24/min and decreased oxygen saturation
on room air (SpO; < 93%) were included. Patients were followed up for 28 days and assessed for
their health status and all-cause mortality. Ethics approval was obtained from the ICMR Central
Ethics Committee on Human Research (CECHR-002/2020) as well as from the Institutional Review
Boards (IRB) /Institutional Ethics Committees of all the participating hospitals. Written consent was

obtained from patients or their families before enrolling in the study.
Data

Data were obtained from the ICMR PLACID TRIAL database collected in structured paper case record
forms and entered in Research Electronic Data Capture system (REDCap, version 8-5 Vanderbilt
University, TN). The trial protocol was registered with the Clinical Trial Registry of India
(CTRI/2020/04/024775). After the trial was completed, based on cooperative agreement between
the centers, and IRB permission, the data was shared and analyzed further, to explore for other

meaningful results. No separate ethical clearance was taken for this study.

Demographic, clinical, laboratory tests and outcome data were collected prospectively. Clinical
symptoms need for organ support (respiratory, hemodynamic), laboratory tests (complete blood
count, coagulation profile, serum biochemical profile, renal and liver function tests) were monitored

serially on day of enrollment (day 0) and on day 1, 3, 5, 7, 14 and 28. Inflammatory biomarkers
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[lactate dehydrogenase (LDH), serum ferritin, and C-reactive protein (CRP)] and were tested at

admission and on day 3 and 7 whereas, Interleukin 6 (IL-6) was done at admission and on day 3.

The outcome of interest was all-cause day 28 mortality. We evaluated for association between

laboratory parameters and mortality.
Statistical Methods:

Mean and standard deviation (SD) or median and inter-quartile range (IQR) were used for continuous
variables as appropriate, and categorical variables number and proportions were used. To find the
association between mortality and study variables, Chi-square test/Fisher’s exact test were used. To
find the mean difference across the groups, independent t test was used. Similarly, Mann Whitney U
test was used to compare median difference. Clinically important baseline variables and time
dependent covariates were included in multivariable Cox proportional hazards model. Two
multivariate models were developed. The first model included clinical and laboratory parameters
tested on day 0, 1, 3, 5, 7, 14 and 28 while the second included inflammatory biomarkers tested on
day 0, 3 and 7 after adjusting for age and comorbidities. Variables included parameters that were
strongly associated with mortality at univariable analysis or known from previous literature to be
strongly associated with outcome. The model assumption was verified using log-log S (t) plots and
Global test. A p-value of less than 0-05 levels was considered as statistically significant. All statistical

analyses were performed using STATA version 16-0 (StataCorp. 2019. College Station, TX).
Patient and public involvement

Patients and the public were not involved in the design, conduct, reporting, or dissemination plans of
our research. The study results will be disseminated to the study participants via their treating

doctors.
Results:

The PLACID Trial recruited 464 eligible patients for the study. The primary outcome at 28 days was
not available for two patients who were lost to follow-up after discharge; nine patients withdrew
consent after randomization and two patients did not receive the intervention after randomization as
a matched donor was not available. The cohort with known outcome at 28 days thus comprised of

451 patients (supplementary).
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The primary outcome of the PLACID TRIAL, disease progression or all-cause mortality at day 28, did
not differ across the trial arms, therefore the analysis did not adjust for convalescent plasma
intervention. The distribution of patients in intervention and control arms were 50-3% (n=227) and
49-7% (n=224), respectively. The mean (SD) age of the cohort was 51 + 12-4 years; 76-7% were male.

Table 1 shows distribution of demographic variables and clinical parameters in the study population.

The most common presenting symptoms were shortness of breath (91:6%), fatigue (78:7%), cough
(68-5%) and fever (35%). Comorbidities were present in 59-9% of patients; 28:2% had two or more
comorbidities. The most frequent comorbidities were diabetes (43:5%), hypertension (37-5%),
obesity (6:9%) and Chronic Obstructive Pulmonary Disease (COPD) (3:3%). There was history of
smoking in 8:2%. The time from onset of symptoms to admission was four days (IQR 3-7 days).
Majority of the patients required non-invasive (98:9%) ventilatory support. The median duration of
respiratory support was six days (IQR 4-10 days). In this cohort, 4% patients required vasopressor
support. None of the patients required Extra Corporeal Membrane Oxygenation (ECMO) or dialysis

support.

The all-cause mortality at 28 days was 14-4% (95%CI: 11-5-17-9, n=65). Median time from symptom
onset to hospital admission was four days in survivors (IQR 3-7 days) and non survivors (IQR 3-6
days). The frequency of shortness of breath, cough and fatigue were similar in survivors and non
survivors; however, the presence of fever at admission was significantly (p=0-04) associated with
death (table 1). Other than COPD and CKD (chronic kidney disease), other comorbidities were not
significantly associated with death (table 1). Admission SOFA score was higher in non survivors. The
need for invasive mechanical ventilation, duration of invasive mechanical ventilation and vasopressor

therapy were associated with death (table 1).

On univariable analysis (table 2), there was an association between increasing age and mortality.
Patients with two or more comorbidities had a 2-:25 (1-17-4-32, p=0-014) times increased chance of
mortality. There was a strong mortality association for admission platelet count < 100 * 10°/L (HR
6-53, 95%CI: 3-10-13-75, p <0 -001), neutrophil lymphocyte ratio (NLR) > 10 (27-49, 11-67-64-75, p
<0-001), LDH = 450 IU/L (4-88, 2-73-8-72, p <0-001), D-dimer >1mg/L (3-35, 1-55-7-23, p=0-002)
and ferritin >500ng/ml (4-09, 2-31-7-23, p <0-001). Admission IL-6 levels were significantly (p
<0.001) higher (76.00, 18.27-171.77) in non survivors than in survivors (18.51, 4.26-56.86). By day

3, IL-6 levels dropped to 11.6 (2.64-45.84) in survivors while it nearly doubled in non-survivors
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(140.35, 21.56-427.36). Univariate analysis of CRP did not show any statistical significance (1.0003,
0.99-1.001, p=0.150).

The need for invasive ventilation and vasopressors were associated with death (table 2). Increasing
SOFA score was associated with mortality (161, 1:48-1-75, p <0-001). The mean SOFA score at day
0 was 2-30 and 3-05 for survivors and non-survivors respectively. The difference in the SOFA score
progressively increased between the two groups over time (figure 1). Mortality proportionately also
increased with lower Pa0,/FiO, values with hazard ratio of 23-11 (12:81-41:69, p <0-001) in severe

group as compared to mild group.

Two models were run for multivariable Cox proportional hazards regression analysis over a period
of time. Model A included age, comorbidities, PaO,/FiO,, NLR and SOFA score. Model A revealed
significant hazard ratios for PaO,/FiO, ratio < 100 (3:37, 1-54-7-41, p=0-002), NLR > 10 (9-38, 3-67-
23-99, p <0-001), SOFA score (1-21, 1-07- 1-36, p=0-002) after adjusting for age and comorbidities.
Model B included age, comorbidities, D-dimer, ferritin and LDH. D-dimer >1 mg/L (2-51, 1-14-5-51,
p=0-022), ferritin >500 ng/ml (2:66, 1-46-4-85, p=0-001) and LDH = 450 IU/L (2-96, 1:-61-5-45,
p=0-001), were associated with mortality after adjusting for age and comorbidities (table 2). IL-6
was omitted from the model as it was not measured on Day 7. CRP was not included in the model as
it did not show significant difference between the two groups.

Discussion:

In this study that enrolled patients from across India, we were able to identify clinical, biomarkers
(D-dimer, LDH, ferritin) and SOFA score as factors that could indicate increased risk of death in
moderately ill COVID-19 patients from PLACID trial cohort. The definition of clinical grading of
severity is different in India as compared to other countries (8-12). Mortality of patients critically ill
with COVID-19 varies significantly among the published case series, ranging from 16% to 78% (13-
19). Similarly two studies from Wuhan which included moderately as well as critically ill patients
have shown mortality rate of 3.77% and 14.14% (20,21). This wide variability can be explained by
differences in the age of the population, distribution of risk factors, health system response across
different countries, varied treatment protocols and follow-up. In a series of critically ill patients in
China, 28-day ICU mortality was 61:5% (22). In a multicentric study from Italy, the mortality risk for
patient without respiratory failure at admission was of 1% after 15 days while survival in patients
with a moderate-to-severe respiratory failure (Pa0O,/FiO; <200 mm Hg) at admission was only 56%

at 15 days (23). The fatality rate reported in Europe and the United States of America is significantly
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higher than in China (24). Therefore, findings obtained in a specific country might not be

automatically extrapolated and national cohorts must be studied.

In our study population, mortality increased with age, which is similar to the pattern observed in
other countries affected by COVID-19. Age seems to affect the time from hospitalization to death.
Age-specific death rates was quite similar in studies from Asia, Europe and North America (25).
South Korea, Italy, France, Germany, England and Wales, and Spain COVID-19 attributed mortality
rates rise by about 12%/year while the United States and Wuhan, China showed a slower rate of
increase about 9-5%/year of age (26). In a meta-analysis of 61,11,583 subjects, 23:2% of patients
were aged =80 years and showed an average mortality rate of 12:10%, the lowest being in China
(3:1%) and the highest in the United Kingdom (20:8%) and New York State (20:99%). In the same
study, highest mortality rate was observed in patients aged =80 years. The largest increase in
mortality risk was observed in patients aged 60 to 69 years compared with those aged 50 to 59 years

(odds ratio 313, 95% CI: 2-61-3-76) (27).

Presence of comorbidities significantly increases the death risk of COVID-19. A higher risk of
mortality was seen in our patients who had CKD and COPD. Meta-analysis, including 1389 COVID-19
patients with 19-7% having severe disease showed a significant association of CKD with severe
COVID-19 with pooled odds ratio as 3-:03 (28). Similarly, the estimated mortality risk in patients with
COPD was three times of those without (p<0:05) (29). We found that 43-5% of our patients had
diabetes which is markedly higher as compared to patients from Korea which showed that 16:97%
had diabetes mellitus (30). Our analysis showed that the presence of diabetes was not significantly
different between survivors and non survivors (42:5% vs- 49-2%, p=0-310), in contrast to the study
from South Korea (30) which showed a much higher mortality among diabetic patients than in those
without (20-0% vs- 4-8%). Hypertension and obesity were not significantly different among
survivors and non-survivors in our study. However, the presence of two or more comorbidities was

associated with mortality in our study.

Univariable Cox proportional hazards regression modeling identified several other prognostic
markers for mortality, most notably age 260 years, PaO,/FiO, ratio <100, NLR >10, platelet count
<100 x 10°/L, ferritin >500ng/ml, LDH >450 IU/L and D-dimer >1mg/L. Our study showed similar
findings when compared with studies from Wuhan (31). Older age, leukocytosis, and high LDH level

have been reported to be risk factors associated with in-hospital death in other studies also (32-34).
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IL-6 levels were significantly different in survivors and non-survivors at admission. By day 3

survivors had reducing IL-6 while it nearly doubled in non survivors.

Mortality was higher among patients requiring invasive mechanical ventilation (HR 19-57, 11.81-
32.41, p=<0.001) and those requiring vasopressors (HR 11:36, 6.47-19.96, p=<0.001). However, the
median duration of invasive ventilation for survivors was 12 days (2, 14) and that for non-survivors
was one day (1,3). These results suggest that patients with acute respiratory failure from COVID-19
may recover, even with severe disease requiring longer ventilation, and that probably the sickest
patients die early reflecting lower duration of invasive ventilation in non survivors. Therefore,

invasive ventilation should be timely and effectively provided.

In our study, the SOFA score was recognized as a valuable tool that could be used to prognosticate
outcome of patients with COVID-19. Univariate and multivariate regression analysis both showed
that the increase in SOFA score was related to mortality, with a clearly divergent pattern between
the two groups. Thus, an increasing SOFA score over time may be a factor that can be used to identify
a subset of patients who may have an unfavorable outcome. Studies have shown that the SOFA score
could be used to evaluate severity and 60-day mortality of COVID-19 with the optimal cut-off score
of 5 (35).

Limitations of the study includes the variability of treatment provided in the multiple centres. The
participants of this study may not comprise a true observational cohort as this was a post hoc
analysis of a randomized control trial data and extrapolation to the general population must be

carefully qualified.

The risk factors identified in this study include older age with two or more comorbidities, mainly
history of COPD and CKD. Multivariate analysis showed lymphopenia, lower Pa02/ FiO2 ratio,
increased LDH, ferritin and D-dimer were significantly associated with mortality. A rising IL-6 may
portent a poor prognosis. Serial SOFA score can be used for prognostication. Understanding the
symptoms, burden of comorbidities, systematic monitoring key laboratory parameters offer new

methods of improving reducing mortality in COVID-19.
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442  Table 1: Distribution of demographic variables and clinical parameters in enrolled

443  patients and comparison of survivors and non-survivors in the cohort

Page 18 of 19

Variables Overall (n=451) N (%) Survivor (n=386) N (%) Non survivor (n=65) N (%) P value
Age (Mean * SD) 51+12-4 50+£12-4 56+11-3 <0-001"
<40 104 (23-1) 97 (25-1) 7 (10-8)
Age 41-59 225 (49-9) 194 (50-3) 31 (47-7) 0-004
260 122 (27-0) 95 (24-6) 27 (41-5)
Gender: Male 346 (76:7) 294(762) 52 (80-0) 0-499
A 104(23-1) 91(23-6) 13(20-0)
Blood group B 164(36-4) 140(36-3) 24(36-9)
AB 25(5-5) 19(4-9) 6(9-2) 0-530
o 158(35-0) 136(35-2) 22(339)
History of smoking 37(8-2) 32(8-3) 5(7-7) 0-866
Comorbidities
Diabetes 196 (43-5) 164 (42-5) 32 (49-2) 0-310
Hypertension 169 (37-5) 139 (36-0) 30 (46-2) 0-118
h i tructi
Chronic obstructive 15 (3-3) 10 (2+6) 5(7-7) 0-050
pulmonary disease
Obesity > 30 31 (69) 25 (6-5) 6(9-2) 0-426
Chronic kidney disease 17 (3-8) 11 (2+9) 6(9:2) 0-024
Coronary artery disease 31(6:9) 23 (6:0) 8(12:3) 0-106
Cerebrovascular disease 4 (0-9) 3(0-8) 1(1-5) 0-465
Symptoms at admission
Shortness of breath 413 (91-6) 351 (90-9) 62 (95-4) 0-232
Fever 158 (35-0) 128 (33-2) 30 (46-2) 0-042
Cough 309 (68-5) 259 (67-1) 50 (76-9) 0-115
Fatigue 354 (78-7) 301 (78-2) 53 (81-5) 0-541
Severity of illness score
SOFA score at admission* 240 £1-06 2-30+0-93 3-05£1-49 <0-001
Treatment
Vasopressor 18 (4-0) 1(0-3) 17 (26-6) <0-001
Non-I ive Ventilati
on-Invasive Ventilation 446 (98-9) 383 (99-2) 63 (96+9) 0-101
(NIV)
Invasive ventilation 38 (8-4) 4 (1-04) 34 (52-31) <0-001
Interval between symptoms
onset to admission # 437 437 4(3.6) 0-996
Duration of respiratory
6 (4,10 6(4,9:5 6(3,10 0-688
support days + (4, 10) (4,9-5) (3,10)
Duration of invasive
1(1,3 12 (2,14 1(1,3 0-019
ventilation days # (1.3) (2,14) (1,3)
Duration of hospital stay 14 (10, 18) 14 (11, 19) 8 (5, 14) <0-001
days #
444

445 # Median (IQR) days in days - Mann Whitney U test was used
446 *Mean + SD - Independent t test was used
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Table 2: Univariate and Multivariable Cox-regression for baseline characteristics, Laboratory parameters and Inflammatory biomarkers

Univariate Cox regression Multivariable Cox regression (Model A) Multivariable Cox regression (Model B)

Variables HR 95% CI P value HR 95% CI P value HR 95% CI P value
<40 1-00 1-00 1-00
Age 41-59 2:04 0-90 - 4-65 0-089 1:25 0-51 -3-09 0-623 1-55 0:66 - 3-63 0-310
>60 3-51 1-53 - 8-06 0-003 1-42 0-57 - 3-54 0-456 1.72 0-71-4-19 0-231
Gender Male 1-19 0-65-2-18 0-581
0 1-00
A 0-94 0-47 - 1-88 0-868
Blood Group B 113 0-63 - 202 0-693
AB 2:01 0-81 - 4-97 0-132
No Comorbidities 1-00 1-00 1-00
Comorbidities 1 1-62 0-81-3-24 0-172 1-22 0-60 - 2-49 0-586 1-31 0-60 - 2-85 0-503
2 or More 2:25 1-17 - 4-32 0-014 1-78 0-90 - 3-51 0-095 2:66 1-29 - 5-51 0-008
<5 1-00 1-00
Neutrophil/Lymphocyte ratio * 5-10 4-88 1-82-13-06 0-002 3-24 1-19 - 8-80 0-021
>10 27-49 11-67 - 64-75 <0-001 9-38 3-67 - 23-99 <0-001
5 el <100 6:53 3-10-13-75 <0-001
Platelet count * (* 10°/L) > 100 1-00
SOFA score * 1-61 1-48-1-75 <0-001 1-21 1-07-1-36 0-002
<0-5 1-00 1-00
D-dimer(mg/L)$ 0-5-1-0 1-53 0-63 - 3-68 0-347 1-29 0-53-3-14 0-568
>1-0 3:35 1-55-7-23 0-002 2:51 1-14 - 5-51 0-022
. <500 1-00 1-00
Ferritin(ng/mL) * 2500 4-09 2:31-7-23 <0-001 2-66 1-46 - 4-85 0-001
CRP$ (mg/L) 1-0003 0-999 - 1.001 0-150
<450 1-00 1-00
LDH? (/L) > 450 4-88 2:73-8-72 <0-001 2:96 1-61 - 5-45 0-001
<100 (severe) 23-11 12-81 -41-69 <0-001 3-37 1-54-7-41 0-002
Pa02/Fi02* 100-200(moderate) 5:63 2:97 -10-68 <0-001 1-84 0-88 - 3-82 0-103
>200 (Mild) 1-00 1-00
Interva_l fl:om onset of symptoms 1-05 0-97 - 1.12 0.228
to admission
Vasopressor support 11-36 6:47 - 19-96 <0-001
Invasive ventilation support 19-57 11-81-32-41 <0-001

tLaboratory Parameters were measured at day 0,1,3,5,7 and day 14: * Inflammatory biomarkers values were measured at day 0,3 and day 7
(Model A) Multivariable Cox model for Age, comorbidities with Laboratory Parameters, (Model B) Multivariable Cox model for Age, comorbidities with inflammatory biomarker values
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Abstract

Objective:

Large data on the clinical characteristics and outcome of COVID-19 in the Indian population is
scarce. We analyzed the factors associated with mortality in a cohort of moderate to severely ill
COVID-19 patients enrolled in a randomized trial on convalescent plasma.

Setting:

39 public and private hospitals across India.

Participants:

Of the 464 patients recruited, two were lost to follow-up, nine withdrew consent and two patients
did not receive the intervention after randomization. The cohort of 451 participants with known
outcome at 28-days was analyzed.

Design:

Secondary analysis of data from a Phase II, Open Label, Randomized Controlled Trial to Assess the
Safety and Efficacy of Convalescent Plasma to Limit COVID-19 Associated Complications in
Moderate Disease (PLACID TRIAL ).

Primary outcome measure:

Factors associated with all-cause mortality at 28-days post-enrolment.

Results:

The mean (SD) age was 51+12-4 years; 76:7% were males. Admission SOFA score was 2-4+1-1.
Non-invasive ventilation, invasive ventilation and vasopressor therapy were required in 98-9%,
8:4% and 4-0% respectively. The 28-day mortality was 14:4%. Median time from symptom onset
to hospital admission was similar in survivors (4 days; IQR 3-7) and non survivors (4 days; IQR 3-
6). Patients with two or more co-morbidities had 2-25 (95%CI: 1-18-4-29, p=0-014) times risk of
death. When compared with survivors, admission IL-6 levels were higher (p<0.001) in non-
survivors and increased further on Day 3. On multivariable Fine and Gray model , severity of
illness (SHR 1-22, 95%CI:1-11-1-35,p<0.001), Pa0O,/FiO; ratio <100 (3-47, 1-64-7-37, p=0-001),
Neutrophil Lymphocyte ratio (NLR) >10 (9-97, 3-65-27.13, p<0-001), D-dimer >1-Omg/L
(2-50,1-14-5-48, p=0-022), ferritin 2500ng/mL (2-67, 1-44-4-96, p=0-002) and LDH 2450 IU/L
(2-96, 1-:60-5-45, p=0-001) were significantly associated with death.

Conclusion:

In this cohort of moderate to severely ill COVID-19 patients, severity of illness, underlying co-

morbidities and higher levels of inflammatory markers were significantly associated with death.
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Trial Registration:
The trial protocol was registered with the Clinical Trial Registry of India

(CTRI/2020/04/024775).

Article Summary

Strengths and limitations of this study
Strengths

There is no study from India, with representation from multiple states that has detailed the
clinical profile and evaluated for factors associated with death. This study may help with strategic

planning at a national level.

The primary outcome of the PLACID TRIAL, disease progression or all-cause mortality at day 28,
did not differ across the trial arms, therefore the present analysis need not be adjusted for

convalescent plasma intervention.

There may be variability of treatment provided in the multiple centres, however, care was taken
that patients received best standard of care for COVID-19 dictated by the best available evidence at
the time and guidelines for the management of COVID-19 issued by health authorities of the Indian

government.
Limitations

The laboratory and biomarker assays for ferritin, lactate dehydrogenase, C reactive protein, and D-

dimer were conducted using tests from different manufacturers.

Participants of this study may not comprise a true observational cohort as this was a post hoc
analysis of a randomized control trial data, also our study did not analyse the effect of SARS-CoV-2
variants causing a high mortality in younger population during the second wave of COVID-19

infection, therefore extrapolation to the general population must be carefully qualified.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 9 of 22

oNOYTULT D WN =

93

94
95
96
97
98
99
100
101

102
103
104
105

106
107
108
109
110
111
112
113
114
115
116

117
118
119
120
121
122
123

BMJ Open

PLACID TRIAL Mortality Assessment

Introduction

The first human case of Corona Virus Disease 19 (COVID-19) caused by the novel coronavirus
(named Severe Acute Respiratory Syndrome Coronavirus 2, SARS-CoV-2) was reported in Wuhan
City, China in December 2019. On 30 January 2020, the World Health Organization (WHO)
declared that the outbreak of COVID-19 constituted a Public Health Emergency of International
Concern (1). Based on the high levels of global spread and the severity of COVID-19, on 11 March
2020, the Director-General of the WHO declared the COVID-19 outbreak a pandemic (2). The
sudden outbreak followed by rapid spread in a globalized world, resulted in a major medical

burden, besides affecting socio-economic well-being among all nations.

In India, the disease was first detected on 30 January 2020 in the state of Kerala, in a student who
returned from Wuhan (3). After a brief, initial respite, the virus has spread at a rapid pace in India,
resulting in more than 10 million confirmed cases as of December, 2020 with more than 145,000

deaths (4).

Patients diagnosed with COVID-19 have primarily respiratory symptoms. Most patients diagnosed
with COVID-19 experience mild to moderate respiratory illness, fever, dry cough, fatigue and
recover without requiring special treatment (5). Oxygen desaturation is the hallmark of
progression. Patients with underlying medical problems like cardiovascular disease, diabetes,
chronic respiratory disease, and cancer are more likely to develop serious illness. These patients
may develop viral pneumonia, with resultant dyspnea and hypoxemia which may progress to
respiratory or multi- system failure and even death (6). There is paucity of large-scale data on the
clinical characteristics, outcomes of COVID-19 in the Indian population and evaluation of risk
factors with an unfavorable outcome at a national level. Identification of such potential risk factors
is important to anticipate medical treatment and to reduce the mortality burden for severe COVID-

19 illness by proactive interventions.

The Indian Council of Medical Research (ICMR) conducted a randomized trial (A Phase II, Open
Label, Randomized Controlled Trial to Assess the Safety and Efficacy of Convalescent Plasma to
Limit COVID-19 Associated Complications in Moderate Disease, PLACID TRIAL) to determine the
effectiveness and safety of convalescent plasma in patients with moderate to severely ill COVID-19
to limit progression of disease (7). Patients received standard of care for COVID-19 in keeping with
the institutional protocols, based on the best available evidence at the time and guidelines for the
management of COVID-19 issued by national health authorities. Participants in the intervention
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arm received two doses of 200 mL of convalescent plasma, transfused 24 hours apart, in addition
to standard of care. The control arm did not receive any additional therapy. The study concluded

that the use of convalescent plasma was not associated with a reduction in 28-day mortality (7).

The aim of this analysis was to identify risk factors associated with mortality by mining the data

collected from the cohort enrolled in the PLACID TRIAL (7).
Methods
Participants

The study enrolled patients from 39 different hospitals, of which, 29 were teaching public hospitals
and 10 were private facilities spread across 14 states and union territories. Patients over the age of
18 years who were confirmed to have COVID-19 based on a positive SARS-CoV-2 RT-PCR test and
moderate to severely ill with either a partial pressure of oxygen in arterial blood/fraction of
inspired oxygen (Pa0O,/FiO;) ratio between 200-300 or respiratory rate >24/min and decreased
oxygen saturation on room air (SpO; < 93%) were included during the study period from 22 April
to 14 July 2020. Patients were followed up for 28-days and assessed for their health status and all-
cause mortality. Ethics approval was obtained from the ICMR Central Ethics Committee on Human
Research (CECHR-002/2020) as well as from the Institutional Review Boards (IRB) /Institutional
Ethics Committees of all the participating hospitals. Written consent was obtained from patients or

their families before enrolling in the study.
Data

Data was obtained from the ICMR PLACID TRIAL database collected in structured paper case record
forms and entered in Research Electronic Data Capture system (REDCap, version 8-5 Vanderbilt
University, TN). The trial protocol was registered with the Clinical Trial Registry of India
(CTRI/2020/04/024775). After trial completion, based on cooperative agreement between the
centers, and IRB permission, the data was shared and analyzed further, to explore for other

meaningful results. No separate ethical clearance was taken for this study.

Demographic, clinical, laboratory tests and outcome data were collected prospectively. Clinical
symptoms need for organ support (respiratory, hemodynamic), laboratory tests (complete blood
count, coagulation profile, serum biochemical profile, renal and liver function tests) were

monitored serially on day of enrollment (day 0) and on day 1, 3, 5, 7, 14 and 28. Inflammatory

7
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biomarkers [lactate dehydrogenase (LDH), serum ferritin, and C-reactive protein (CRP)] were
tested at admission and on day 3 and 7 whereas; Interleukin 6 (IL-6) was done at admission and on

day 3.

The outcome of interest was all-cause day 28 mortality. We evaluated for association between

laboratory parameters and mortality.
Statistical Methods:

Mean and standard deviation (SD) or median and inter-quartile range (IQR) were used for
continuous variables as appropriate, and categorical variables number and proportions were used.
To find the association between mortality and study variables, Chi-square test/Fisher’s exact test
were used. To find the mean difference across the groups, independent t test was used. Similarly,
Mann Whitney U test was used to compare median difference. The end point of interest was all-
cause mortality (event of interest) at day 28 from the time of enrollment, discharged alive
(competing event) and hospital admission after day 28 (censored), whichever is earlier. Discharged
alive was treated as a competing event because the event of discharged alive precludes the event of
all-cause mortality. Clinically important baseline variables and time dependent covariates were
included in multivariable Fine and Gray regression model for competing endpoints and sub-
distribution hazard ratios were presented. Two multivariable models were developed. The first
model included clinical and laboratory parameters tested on day 0, 1, 3, 5, 7, 14 and 28 while the
second included inflammatory biomarkers tested on day 0, 3 and 7 after adjusting for age and
comorbidities. For certain laboratory markers such as D-dimer, ferritin and LDH, clinically relevant
thresholds were used for the analysis rather than using these data as continuous variables. The
clinically relevant thresholds for these variables were set as >1.0 mg/L for D-dimer, 2500 mg/mL
for Ferritin and 2450 IU/L for LDH. Variables included parameters that were strongly associated
with mortality at univariate analysis or known from previous literature to be strongly associated
with outcome. The model assumption was verified using log-log S (t) plots and Global test. A p-value
of less than 0-05 levels was considered as statistically significant. All statistical analyses were

performed using STATA version 16-0 (StataCorp. 2019. College Station, TX).
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Patient and public involvement

Patients and the public were not involved in the design, conduct, reporting, or dissemination plans
of our research. The study results will be disseminated to the study participants via their treating

doctors.
Results

The PLACID Trial recruited 464 eligible patients for the study. The primary outcome at 28-days was
not available for two patients who were lost to follow-up after discharge; nine patients withdrew
consent after randomization and two patients did not receive the intervention after randomization
as a matched donor was not available. The cohort with known outcome at 28 days thus comprised

of 451 patients (supplementary).

The primary outcome of the PLACID TRIAL, disease progression or all-cause mortality at day 28, did
not differ across the trial arms, therefore the analysis did not adjust for convalescent plasma
intervention. The distribution of patients in intervention and control arms were 50-3% (n=227) and
49-7% (n=224), respectively. The mean (SD) age of the cohort was 51 = 12-4 years; 76:7% were
males. Table 1 shows distribution of demographic variables and clinical parameters in the study

population.

The most common presenting symptoms were shortness of breath (91:6%), fatigue (78:7%), cough
(68:5%) and fever (35%). Comorbidities were present in 59.9% of patients; 31.7% had any one
comorbidities and 28:2% had two or more comorbidities. The most frequent comorbidities were
diabetes (43:5%), hypertension (37:5%), obesity (6:9%) and Chronic Obstructive Pulmonary
Disease (COPD) (3:3%). There was history of smoking in 8-:2%. The time from onset of symptoms to
admission was four days (IQR 3-7 days). Majority of the patients required non-invasive (98-9%)
ventilatory support. The median duration of respiratory support was six days (IQR 4-10 days). In
this cohort, 4% patients required vasopressor support. None of the patients required Extra

Corporeal Membrane Oxygenation (ECMO) or dialysis support.

The all-cause mortality at 28-days was 14:4% (95%CI: 11-5-17-9, n=65). Median time from

symptom onset to hospital admission was four days in survivors (IQR 3-7 days) and non survivors

(IQR 3-6 days). The frequency of shortness of breath, cough and fatigue were similar in survivors

and non survivors; however, the presence of fever at admission was significantly (p=0-042)

associated with death (table 1). Other than COPD and CKD (chronic kidney disease), other
9
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comorbidities were not significantly associated with death (table 1). Admission Sequential Organ
Failure Assessment (SOFA) score was higher in non survivors. The need for invasive mechanical
ventilation, duration of invasive mechanical ventilation and vasopressor therapy were associated

with death (table 1).

On univariate analysis (table 2), there was an association between increasing age and mortality.
Patients with two or more comorbidities had a 2:25 (95%CI: 1-18-4-29, p=0-014) times increased
chance of mortality. There was a strong mortality association for platelet count <100 * 10°/L (SHR
6-88, 95%CI: 3-61-13-13, p<0-001), neutrophil lymphocyte ratio (NLR) >10 (28.84, 11-92-69.76,
p<0-001), LDH 2450 IU/L (4-88, 2-:72-8-75, p<0-001), D-dimer >1mg/L (3:34, 1-55-7-19, p=0-002)
and ferritin 2500ng/mL (4-11, 2-28-7-41, p<0-001). Admission IL-6 levels were significantly
(p<0.001) higher (76.00, 18.27-171.77) in non survivors than in survivors (18.51, 4.26-56.86). By
day 3, IL-6 levels dropped to 11.6 (2.64-45.84) in survivors while it nearly doubled in non-survivors
(140.35, 21.56-427.36). Univariate analysis of CRP did not show any statistical significance (1.0003,
0.999-1.001, p=0.080).

The need for invasive ventilation and vasopressors were associated with death (table 2). Increasing
SOFA score was associated with mortality (1:63, 1-54-1-74, p<0-001). The mean SOFA score at day
0 was 2:30 and 3-05 for survivors and non-survivors respectively. The difference in the SOFA score
progressively increased between the two groups over time (figure 1). Mortality proportionately
also increased with lower PaO,/FiO, values with sub-distribution hazard ratio of 25.64 (14.8-

44.41, p<0-001) in the severe group as compared to the mild group.

Two models were run for multivariable Fine and Gray regression model over a period of time
(table 3). Model A included age, comorbidities, Pa0,/FiO;, NLR and SOFA score. Model A revealed
significant sub-distribution hazard ratios for Pa0O,/FiO; ratio <100 (3-47, 1-64-7-37, p=0-001), NLR
>10 (9-97, 3-65-27.13, p<0-001), SOFA score (1-22, 1-11- 1-35, p<0-001) after adjusting for age and
comorbidities. Model B included age, comorbidities, D-dimer, ferritin and LDH. D-dimer >1 mg/L
(2-50, 1-14-5-48, p=0-022), ferritin 2500 ng/mL (2-67, 1:44-4-96, p=0-002) and LDH =450 IU/L
(296, 1:-60-5-45, p=0-001), were associated with mortality after adjusting for age and

comorbidities (table 3). IL-6 was omitted from the model as it was not measured on Day 7.
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Discussion

In this study that enrolled patients from across India, we were able to identify clinical, biomarkers
(D-dimer, LDH, ferritin) and SOFA score as factors that could indicate increased risk of death in
moderately to severely ill COVID-19 patients from PLACID trial cohort. The definition of clinical
grading of severity is different in India as compared to other countries (8-12). Mortality of
critically ill COVID-19 patients varies significantly among the published case series, ranging from
16% to 78% (13-19). Similarly two studies from Wuhan, which included moderately as well as
critically ill patients, have shown mortality rates of 3.77% and 14.14% (20,21). This wide
variability can be explained by differences in the age of the population, distribution of risk factors,
health system response across different countries, varied treatment protocols and follow-up. In a
series of critically ill patients in China, 28-day ICU mortality was 61:5% (22). In a multicentric
study from Italy, the mortality risk for patients without respiratory failure at admission was of 1%
after 15 days while survival in patients with moderate-to-severe respiratory failure (PaO,/FiO,
<200 mm Hg) at admission was only 56% at 15 days (23). The fatality rate reported in Europe and
the United States of America is significantly higher than in China (24). Therefore, findings obtained

in a specific country might not be automatically extrapolated and national cohorts must be studied.

In our study population, mortality increased with age, which is similar to the pattern observed in
other countries affected by COVID-19. Age seems to affect the time from hospitalization to death.
Age-specific death rates was quite similar in studies from Asia, Europe and North America (25).
South Korea, Italy, France, Germany, England and Wales, and Spain COVID-19 attributed mortality
rates rise by about 12%/year while the United States and Wuhan, China showed a slower rate of
increase about 9-5%/year of age (26). In a meta-analysis of 61, 11,583 subjects, 23:2% of patients
were aged =80 years and showed an average mortality rate of 12:10%, the lowest being in China
(3:1%) and the highest in the United Kingdom (20-8%) and New York State (20-99%). In the same
study, highest mortality rate was observed in patients aged =80 years. The largest increase in
mortality risk was observed in patients aged 60 to 69 years compared with those aged 50 to 59

years (odds ratio 3-13,95% CI: 2-61-3-76) (27).

Presence of comorbidities significantly increases the death risk of COVID-19. A higher risk of
mortality was seen in our patients who had CKD and COPD. Meta-analysis, including 1389 COVID-
19 patients with 19-7% having severe disease showed a significant association of CKD with severe

COVID-19 with pooled odds ratio as 3-03 (28). Similarly, the estimated mortality risk in patients
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with COPD was three times of those without (p<0-05) (29). We found that 43-5% of our patients
had diabetes which is markedly higher as compared to patients from Korea which showed that
16-97% had diabetes mellitus (30). Our analysis showed that the presence of diabetes was not
significantly different between survivors and non survivors (42:5% vs. 49-2%, p=0-310), in
contrast to the study from South Korea (30) which showed a much higher mortality among diabetic
patients than in those without (20-0% vs. 4-8%). Hypertension and obesity were not significantly
different among survivors and non-survivors in our study. However, the presence of two or more

comorbidities was associated with mortality in our study.

Univariate Fine-Gray model identified several other prognostic markers for mortality, most notably
age =60 years, Pa0,/FiO, ratio <100, NLR >10, platelet count <100 x 10°/L, ferritin >500ng/mL,
LDH >450 IU/L and D-dimer >1mg/L. Our study showed similar findings when compared with
studies from Wuhan (31). Older age, leukocytosis, and high LDH level have been reported to be risk
factors associated with in-hospital death in other studies also (32-34). IL-6 levels were
significantly different in survivors and non-survivors at admission. By day 3 survivors had

reducing IL-6 while it nearly doubled in non survivors.

Mortality was higher among patients requiring invasive mechanical ventilation (SHR 19-57, 12.21-
31.35, p<0.001) and those requiring vasopressors (SHR 11-36, 7.79-16.56, p<0.001). However, the
median duration of invasive ventilation for survivors was 12 days (2, 14) and that for non-
survivors was one day (1, 3). These results suggest that patients with acute respiratory failure from
COVID-19 may recover, even with severe disease requiring longer ventilation, and that probably
the sickest patients die early reflecting lower duration of invasive ventilation in non survivors.

Therefore, invasive ventilation should be timely and effectively provided.

In our study, the SOFA score was recognized as a valuable tool that could be used to prognosticate
outcome of patients with COVID-19. Univariate and multivariable competing risk regression
models showed that the increase in SOFA score was related to mortality, with a clearly divergent
pattern between the two groups. Thus, an increasing SOFA score over time may be a factor that can
be used to identify a subset of patients who may have an unfavorable outcome. Studies have shown
that the SOFA score could be used to evaluate severity and 60-day mortality of COVID-19 with the

optimal cut-off score of 5 (35).
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Limitations of the study include the variability of treatment provided in the multiple centers. The
participants of this study may not comprise a true observational cohort as this was a post hoc
analysis of a randomized control trial data and extrapolation to the general population must be
carefully qualified. Our study did not analyse the effect of SARS-CoV-2 variants causing a high
mortality in younger population during the second wave of COVID-19 infection and this may limit
generalizability of the data to the second wave. Despite these limitations, this study provides a
comprehensive overview of prognostic factors in moderate to severely ill COVID-19 patients that

included patients from across the country.
Conclusion

A favorable outcome can be expected in moderate to severely ill COVID-19 patients. Older age,
multiple comorbidities, low Pa02/FiO2 ratio and deranged inflammatory markers are associated
with worse prognosis. Serial SOFA score can be used for prognostication. Understanding
symptoms, burden of comorbidities and systematic monitoring of key laboratory parameters offer
opportunities for targeted intervention in COVID-19 with the use of anti-inflammatory or

immunomodulatory agents.
Figure legend

Figure 1 showing serial Sequential Organ Failure Assessment (SOFA) score among survivors and
non-survivors. Increasing SOFA score was associated with mortality. The mean SOFA score at day
0 was 230 and 305 for survivors and non-survivors respectively. The difference in the SOFA

score showed divergence between the two groups over time.
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473  Table 1: Distribution of demographic variables and clinical parameters in enrolled
474  patients and comparison of survivors and non-survivors in the cohort

Variables Overall (n=451) N (%) Survivor (n=386) N (%) Non survivor (n=65) N (%) P value
Age (Mean * SD) 51+12-4 50+12-4 56+11-3 <0-001"
<40 104 (23-1) 97 (25-1) 7 (10-8)
Age 41-59 225 (49:9) 194 (50-3) 31 (47-7) 0-004
260 122 (27-1) 95 (24-6) 27 (41-5)
Gender: Male 346 (76-7) 294(76-2) 52 (80-0) 0-499
A 104(23-1) 91(23-6) 13(20-0)
Blood group B 164(36-4) 140(36-3) 24(36-9)
AB 25(5-5) 19(4-9) 6(9-2) 0-518
0 158(35-0) 136(35-2) 22(33-8)
History of smoking 37(8-2) 32(8-3) 5(7-7) 0-866
Comorbidities and Chronic illness
Diabetes 196 (43-5) 164 (42-5) 32 (49-2) 0-310
Hypertension 169 (37-5) 139 (36-0) 30 (46-2) 0-118
Chronic obstl_'uctlve 15 (3-3) 10 (2-6) 5 (7-7) 0-050
pulmonary disease
Obesity = 30 31 (6:9) 25 (6:5) 6(9:2) 0-426
Chronic kidney disease 17 (3-8) 11 (2-8) 6(9:2) 0-024
Coronary artery disease 31 (6:9) 23 (6:0) 8(12-3) 0-106
Cerebrovascular disease 4(0-9) 3(0-8) 1(1-5) 0-465
Symptoms at admission
Shortness of breath 413 (91-6) 351 (90-9) 62 (95-4) 0-232
Fever 158 (35:0) 128 (33:2) 30 (46:2) 0-042
Cough 309 (68-5) 259 (67-1) 50 (76+9) 0-115
Fatigue 354 (78-7) 301 (78-2) 53 (81-5) 0-541
Severity of illness score
SOFA score at admission* 2:40 £ 1-06 2:30+0-93 3-05+1-49 <0-001
Treatment
Vasopressor 18 (4-0) 1(0-3) 17 (26+6) <0-001
l(\'l\‘l’ll“,')l“"as“’e Ventilation 446 (98-9) 383 (99-2) 63 (96:9) 0-101
Invasive ventilation 38 (8-4) 4 (1-04) 34 (52-31) <0-001
Interval between symptoms
onset to admission # 43,7) 43,7) 4(3,6) 0-996
Duration of respiratory . .
e Ry 6 (4,10) 6 (4,9-5) 6(3,10) 0-689
Duration of invasive
ventilation days 1(13) 12(2,14) 1(13) 0020
e oplofbospialicay 14 (10, 18) 14 (11, 19) 8 (5,14) <0-001
days
475
476 + Median (IQR) days in days - Mann Whitney U test was used
477 *Mean + SD - Independent t test was used
18
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Table 2: Univariate Fine and Gray model for baseline characteristics, laboratory parameters and inflammatory biomarkers

BMJ Open

Variables Univariate Analysis
Mortality Discharged alive
SHR 95% CI P value SHR 95% CI P value
Age <40 1-00 1-00
41-59 2.04 0.90 - 4.66 0.089 0.80 0.64-1.01 0.057
260 3.51 1.53-8.07 0.003 0.56 0.42-0.73 <0.001
Gender Male 1.19 0.64-2.19 0.582 0.87 0.70 - 1.09 0.228
Blood Group 0 1-00 1-00
A 0.94 0.48 - 1.87 0.866 0.89 0.69 - 1.15 0.389
B 1.13 0.63 - 2.01 0.689 0.93 0.75-1.18 0.578
AB 2.01 0.80 - 5.05 0.139 0.66 0.39-1.11 0.116
Comorbidities No Comorbidities 1-00 1-00
1 1.62 0.82-3.21 0.166 0.79 0.63-0.99 0.044
2 or More 2.25 1.18 - 4.29 0.014 0.70 0.55-0.88 0.003
Neutrophil/Lymphocyte ratio <5 1-00 1-00
5-10 4,90 1.80-13.32 0.002 0.72 0.56 - 0.93 0.013
>10 28.84 11.92 - 69.76 <0.001 0.17 0.12 - 0.26 <0.001
Platelet count* (* 10°/L) <100 6.88 3.61-13.13 <0.001 0.16 0.05-0.49 0.001
=100 1-00 1-00
SOFA score * 1.63 1.54-1.74 <0.001 0.62 0.57 - 0.67 <0.001
D-dimer(mg/L) ¢ <0-5 1-00 1.00
0-5-1-0 1.53 0.63 - 3.67 0.346 0.82 0.64 - 1.06 0.129
>1-0 3.34 1.55-7.19 0.002 0.57 0.45-0.73 <0.001
Ferritin(ng/mL) * <500 1-00 1-00
2500 411 2.28-7.41 <0.001 0.52 0.42 - 0.64 <0.001
CRP?® (mg/L) 1.0003 0.999 - 1.001 0.080 0.99 0.99 - 1.00 0.360
LDH? (IU/L) <450 1-00 1-00
=450 4.88 2.72 -8.75 <0.001 0.53 0.43 - 0.66 <0.001
Pa02/Fi02! <100 (severe) 25.64 14.8-44.41 <0.001 6.5e-08 4.3e-08 - 9.9¢-08 <0.001
100-200(moderate) 5.97 3.05-11.69 <0.001 0.19 0.10-0.36 <0.001
>200 (Mild) 1-00 1-00
Interval from onset of symptoms 1.05 0.96 -1.14 0.334 0.97 0.94 - 1.00 0.058
to admission
Vasopressor support 11.36 7.79 - 16.56 <0.001 0.03 0.004 - 0.22 0.001
Invasive ventilation support 19.57 12.21-31.35 <0.001 0.01 0.002 - 0.09 <0.001

# Laboratory Parameters were measured at day 0, 1,3,5,7 and day 14: $ inflammatory biomarkers values were measured at day 0, 3 and day 7.SHR: Sub-distribution Hazard ratio; CI: Confidence Interval
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1
2
3
4 478
6 479 Table 3: Multivariable Fine and Gray Model for baseline characteristics, laboratory parameters and inflammatory biomarkers
7
8 Multivariable Analysis (Model A) Multivariable Analysis (Model B)
9 Variables Mortality Discharged alive Mortality Discharged alive
10 SHR 95% CI P value SHR 95% CI P value SHR 95% CI P value SHR 95% CI P value
11 <40 1-00 1-00 1-00 1-00
12Age 41-59 1.23 0.60 - 2.49 0.572 1.03 0.81-1.32 0.825 1.55 0.65-3.71 0.325 0.95 0.74-1.21 0.671
13 260 1.44 0.67 - 3.09 0.347 0.94 0.70-1.26 0.675 1.72 0.67 - 4.46 0.261 0.78 0.57 - 1.06 0.110
14 No Comorbidities 1-00 1-00 1-00 1-00
15Comorbidities 1 1.20 0.69 - 2.10 0.515 0.91 0.72-1.14 0.407 1.31 0.59-2.91 0.509 0.87 0.67-1.11 0.254
16 2 or More 1.76 1.02-3.03 0.041 0.89 0.69-1.14 0.329 2.68 1.26-5.70 0.011 0.69 0.52-0.93 0.014
17 5 .
Neutrophil/Lymphocyte R 1-00 1-00

8 atio 5-10 3.34 1.21-9.19 0.020 0.81 0.64-1.03 0.095

9 >10 9.97 3.65-27.13 <0.001 0.39 0.26 - 0.58 <0.001
;?SOFA scoret 1.22 1.11-1.35 <0.001 0.75 0.68-0.83 <0.001
22 <0-5 1.00
23D-dimer(mg/L) $ 0-5-1-0 1.29 0.54-3.10 0.565 0.84 0.65-1.09 0.198

>1-0 2.50 1.14-5.48 0.022 0.64 0.49-0.82 <0.001
24Ferritin(n /mL)$ <500 1-00 1-00
25 g >500 267 144-496 0.002 069  0.55-0.86 0.001
26 <450 1-00 1-00
$

27LDI-I LAY, =450 2.96 1.60-5.45 0.001 0.68 0.55-0.85 0.001
28 <100 (severe) 3.47 1.64 -7.37 0.001 3.1e-07 1.7e-07 - 5.7e-07  <0.001
29Pa02/Fi02* 100-200(moderate) 191 0.91 - 4.004 0.087 0.401 0.19-0.85 0.016
i >200 (Mild) 1-00 1-00
;‘1’ 480
32 481 * Laboratory Parameters were measured at day 0, 1,3,5,7 and day 14: * Inflammatory biomarkers values were measured at day 0, 3 and day 7
33
34 482 (Model A) Multivariable Fine and Gray model for Age, comorbidities with Laboratory Parameters, (Model B) Multivariable Fine and Gray model for Age, comorbidities with
35 483 inflammatory biomarker values
36 484 SHR: Sub-distribution Hazard ratio; CI: Confidence Interval
37
38 485
39
40 486
41 20
42
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BMJ Open

Mean Sofa Score

e SUrViVOrs

==jil== Non survivors

4.60

5.00

.85

Day 0

Day 1

Day 3

Days

Day 5

Day7 Day14

Page 24 of 22

Figure 1: Line graph for SOFA score showing difference between survivors and non survivors

Figure 1 showing serial Sequential Organ Failure Assessment (SOFA) score among survivors and
non-survivors. Increasing SOFA score was associated with mortality. The mean SOFA score at day 0
was 230 and 305 for survivors and non-survivors respectively. The difference in the SOFA score
showed divergence between the two groups over time.
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Supplementary

Flowchart for the study protocol

BMJ Open

Patients enrolled in PLACID
Trial (n=464)

_

Analyzed (n=451)

Survivors
(n=386)

2 patients were lost to
follow-up after discharge

9 patients withdrew
consent after
randomization

2 patients did not receive
the intervention

Non-survivors
(n=65)

The Convalescent Plasma to Limit COVID-19 Associated Complications in Moderate
Disease (PLACID) Trial recruited 464 eligible patients for the study. The primary outcome
at 28 days was not available for two patients who were lost to follow-up after discharge;
nine patients withdrew consent after randomization and two patients did not receive the

intervention after randomization as a matched donor was not available. The cohort with
known outcome at 28 days thus comprised of 451 patients out of whom 386 survived and

65 died.
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Abstract

Objective:

Large data on the clinical characteristics and outcome of COVID-19 in the Indian population is
scarce. We analysed the factors associated with mortality in a cohort of moderate and severely ill
COVID-19 patients enrolled in a randomised trial on convalescent plasma.

Design:

Secondary analysis of data from a Phase II, Open Label, Randomised Controlled Trial to Assess the
Safety and Efficacy of Convalescent Plasma to Limit COVID-19 Associated Complications in
Moderate Disease (PLACID TRIAL ).

Setting:

39 public and private hospitals across India, during the study period 22 April 2020 to 14 July
2020.

Participants:

Of the 464 patients recruited, two were lost to follow-up, nine withdrew consent and two patients
did not receive the intervention after randomisation. The cohort of 451 participants with known
outcome at 28-days was analysed.

Primary outcome measure:

Factors associated with all-cause mortality at 28-days post-enrolment.

Results:

The mean (SD) age was 51+12-4 years; 76-7% were males. Admission SOFA score was 2-4+1-1.
Non-invasive ventilation, invasive ventilation and vasopressor therapy were required in 98-9%,
8:4% and 4-0% respectively. The 28-day mortality was 14:4%. Median time from symptom onset
to hospital admission was similar in survivors (4 days; IQR 3-7) and non survivors (4 days; IQR 3-
6). Patients with two or more co-morbidities had 2-25 (95%CI: 1-18-4-29, p=0-014) times risk of
death. When compared with survivors, admission IL-6 levels were higher (p<0.001) in non-
survivors and increased further on Day 3. On multivariable Fine and Gray model , severity of
illness (SHR 1-22, 95%CI:1-11-1-35,p<0.001), Pa0O,/FiO, ratio <100 (3-47, 1-64-7-37, p=0-001),
Neutrophil Lymphocyte ratio (NLR) >10 (9-97, 3-65-27.13, p<0-001), D-dimer >1-Omg/L
(2-50,1-14-5-48, p=0-022), ferritin 2500ng/mL (2-67, 1-44-4-96, p=0-002) and LDH 2450 IU/L
(2-96, 1-:60-5-45, p=0-001) were significantly associated with death.

Conclusion:

In this cohort of moderate and severely ill COVID-19 patients, severity of illness, underlying co-

morbidities and higher levels of inflammatory markers were significantly associated with death.
4
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Trial Registration:

CTRI/2020/04/024775.
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Article Summary
Strengths and limitations of this study
Strengths

There is no study from India, with representation from multiple states that has detailed the
clinical profile and evaluated for factors associated with death. This study may help with strategic

planning at a national level.

The primary outcome of the PLACID TRIAL, disease progression or all-cause mortality at day 28,
did not differ across the trial arms, therefore the present analysis need not be adjusted for

convalescent plasma intervention.

There may be variability of treatment provided in the multiple centres, however, care was taken
that patients received best standard of care for COVID-19 dictated by the best available evidence at
the time and guidelines for the management of COVID-19 issued by health authorities of the Indian

government.
Limitations

The laboratory and biomarker assays for ferritin, lactate dehydrogenase, C reactive protein, and D-

dimer were conducted using tests from different manufacturers.

Participants of this study may not comprise a true observational cohort as this was a post hoc
analysis of a randomised control trial data. Our study did not analyse the effect of SARS-CoV-2
variants causing a high mortality in younger population during the second wave of COVID-19

infection, and therefore extrapolation to the general population must be carefully qualified.
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Introduction

The first human case of Corona Virus Disease 19 (COVID-19) caused by the novel coronavirus
(named Severe Acute Respiratory Syndrome Coronavirus 2, SARS-CoV-2) was reported in Wuhan
City, China in December 2019. On 30 January 2020, the World Health Organisation (WHO)
declared that the outbreak of COVID-19 constituted a Public Health Emergency of International
Concern (1). Based on the high levels of global spread and the severity of COVID-19, on 11 March
2020, the Director-General of the WHO declared the COVID-19 outbreak a pandemic (2). The
sudden outbreak followed by rapid spread in a globalised world, resulted in a major medical

burden, besides affecting socio-economic well-being among all nations.

In India, the disease was first detected on 30 January 2020 in the state of Kerala, in a student who
returned from Wuhan (3). After a brief, initial respite, the virus has spread at a rapid pace in India,
resulting in more than 10 million confirmed cases as of December, 2020 with more than 145,000

deaths (4).

Patients diagnosed with COVID-19 have primarily respiratory symptoms. Most patients diagnosed
with COVID-19 experience mild to moderate respiratory illness, fever, dry cough, fatigue and
recover without requiring special treatment (5). Oxygen desaturation is the hallmark of
progression. Patients with underlying medical problems like cardiovascular disease, diabetes,
chronic respiratory disease, and cancer are more likely to develop serious illness. These patients
may develop viral pneumonia, with resultant dyspnoea and hypoxaemia which may progress to
respiratory or multi- system failure and even death (6). There is paucity of large-scale data on the
clinical characteristics, outcomes of COVID-19 in the Indian population and evaluation of risk
factors with an unfavourable outcome at a national level. Identification of such potential risk
factors is important to anticipate medical treatment and to reduce the mortality burden for severe

COVID-19 illness by proactive interventions.

The Indian Council of Medical Research (ICMR) conducted a randomised trial (A Phase II, Open
Label, Randomised Controlled Trial to Assess the Safety and Efficacy of Convalescent Plasma to
Limit COVID-19 Associated Complications in Moderate Disease, PLACID TRIAL) to determine the
effectiveness and safety of convalescent plasma in patients with moderate and severely ill COVID-
19 to limit progression of disease (7). Patients received standard of care for COVID-19 in keeping
with the institutional protocols, based on the best available evidence at the time and guidelines for
the management of COVID-19 issued by national health authorities. Participants in the intervention

7
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arm received two doses of 200 mL of convalescent plasma, transfused 24 hours apart, in addition
to standard of care. The control arm did not receive any additional therapy. The study concluded

that the use of convalescent plasma was not associated with a reduction in 28-day mortality (7).

The aim of this analysis was to identify risk factors associated with mortality by mining the data

collected from the cohort enrolled in the PLACID TRIAL (7).
Methods
Participants

The study enrolled patients from 39 different hospitals, of which, 29 were teaching public hospitals
and 10 were private facilities spread across 14 states and union territories. Patients over the age of
18 years who were confirmed to have COVID-19 based on a positive SARS-CoV-2 RT-PCR test and
moderate and severely ill with either a partial pressure of oxygen in arterial blood/fraction of
inspired oxygen (Pa0O,/FiO;) ratio between 200-300 or respiratory rate >24/min and decreased
oxygen saturation on room air (SpO; < 93%) were included during the study period from 22 April
to 14 July 2020. As per the guidelines issued by the Ministry of Health, Government of India at the
time of conduct of the study, the subset of patients with the above criteria but with a respiratory
rate between 24 and 30/min were classified as moderate disease. Those with respiratory rate >30
breaths/min were classified as severe disease(8). Patients were followed up for 28-days and
assessed for their health status and all-cause mortality. Ethics approval was obtained from the
ICMR Central Ethics Committee on Human Research (CECHR-002/2020) as well as from the
Institutional Review Boards (IRB) /Institutional Ethics Committees of all the participating
hospitals. Written consent was obtained from patients or their families before enrolling in the

study.
Data

Data was obtained from the ICMR PLACID TRIAL database collected in structured paper case record
forms and entered in Research Electronic Data Capture system (REDCap, version 8-5 Vanderbilt
University, TN). The trial protocol was registered with the Clinical Trial Registry of India
(CTRI/2020/04/024775). After trial completion, based on co-operative agreement between the
centres, and IRB permission, the data was shared and analysed further, to explore for other

meaningful results. No separate ethical clearance was taken for this study.
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Demographic, clinical, laboratory tests and outcome data were collected prospectively. Clinical
symptoms need for organ support (respiratory, haemodynamic), laboratory tests (complete blood
count, coagulation profile, serum biochemical profile, renal and liver function tests) were
monitored serially on day of enrolment (day 0) and on day 1, 3, 5, 7, 14 and 28. Inflammatory
biomarkers [lactate dehydrogenase (LDH), serum ferritin, and C-reactive protein (CRP)] were
tested at admission and on day 3 and 7 whereas; Interleukin 6 (IL-6) was done at admission and on

day 3.

The outcome of interest was all-cause day 28 mortality. We evaluated for association between

laboratory parameters and mortality.
Statistical Methods:

Mean and standard deviation (SD) or median and inter-quartile range (IQR) were used for
continuous variables as appropriate, and categorical variables number and proportions were used.
To find the association between mortality and study variables, Chi-square test/Fisher’s exact test
were used. To find the mean difference across the groups, independent t test was used. Similarly,
Mann Whitney U test was used to compare median difference. The end point of interest was all-
cause mortality (event of interest) at day 28 from the time of enrolment, discharged alive
(competing event) and hospital admission after day 28 (censored), whichever is earlier. Discharged
alive was treated as a competing event because the event of discharged alive precludes the event of
all-cause mortality. The variables that are statistically significant or clinically important are
considered in the multivariable Fine and Gray regression model . However, if a variable is expected
to have collinear concern or had sparse data that was not included in the analysis. Two
multivariable models were developed. The first model included clinical and laboratory parameters
tested on day 0, 1, 3, 5, 7, 14 and 28 while the second included inflammatory biomarkers tested on
day 0, 3 and 7 after adjusting for age and comorbidities. For certain laboratory markers such as D-
dimer, ferritin and LDH, clinically relevant thresholds were used for the analysis rather than using
these data as continuous variables. The clinically relevant thresholds for these variables were set as
>1.0 mg/L for D-dimer, 2500 mg/mL for Ferritin and 2450 IU/L for LDH. The threshold for Ferritin
of 500 pg/L was based on the cut-off value for the diagnosis of Hemophagocytic lymphohistiocytosis
(HLH) as well as some preliminary evidence in COVID that a threshold of >500 pg/L was associated
with invasive ventilator dependence(9). Similarly, traditionally a threshold of <0.5 mg/L is used to

exclude pulmonary thromboembolism; in this context two thresholds were used, 0.5 to 1.0 mg/L
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and >1.0 mg/L(10). Variables included parameters that were strongly associated with mortality at
univariate analysis or known from previous literature to be strongly associated with outcome. The
model assumption was verified using log-log S (t) plots and Global test. A p-value of less than 0-05
levels was considered as statistically significant. All statistical analysis were performed using STATA

version 16-0 (StataCorp. 2019. College Station, TX).
Patient and public involvement

Patients and the public were not involved in the design, conduct, reporting, or dissemination plans
of our research. The study results will be disseminated to the study participants via their treating

doctors.
Results

The PLACID Trial recruited 464 eligible patients for the study. The primary outcome at 28-days was
not available for two patients who were lost to follow-up after discharge; nine patients withdrew
consent after randomisation and two patients did not receive the intervention after randomisation
as a matched donor was not available. The cohort with known outcome at 28 days thus comprised

of 451 patients (supplementary).

The primary outcome of the PLACID TRIAL, disease progression or all-cause mortality at day 28, did
not differ across the trial arms, therefore the analysis did not adjust for convalescent plasma
intervention. The distribution of patients in intervention and control arms were 50-3% (n=227) and
49-7% (n=224), respectively. The mean (SD) age of the cohort was 51 + 12-4 years; 76:7% were
males. Table 1 shows distribution of demographic variables and clinical parameters in the study

population.

The most common presenting symptoms were shortness of breath (91:6%), fatigue (78:7%), cough
(68:5%) and fever (35%). Comorbidities were present in 59.9% of patients; 31.7% had any one
comorbidities and 28-2% had two or more comorbidities. The most frequent comorbidities were
diabetes (43-5%), hypertension (37-5%), obesity (6-9%) and Chronic Obstructive Pulmonary
Disease (COPD) (3:3%). There was history of smoking in 8:2%. The time from onset of symptoms to
admission was four days (IQR 3-7 days). Majority of the patients required non-invasive (98-9%)
ventilatory support. The median duration of respiratory support was six days (IQR 4-10 days). In
this cohort, 4% patients required vasopressor support. None of the patients required Extra
Corporeal Membrane Oxygenation (ECMO) or dialysis support.
10
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The all-cause mortality at 28-days was 14-4% (95%CI: 11-5-17-9, n=65). Median time from
symptom onset to hospital admission was four days in survivors (IQR 3-7 days) and non survivors
(IQR 3-6 days). The frequency of shortness of breath, cough and fatigue were similar in survivors
and non survivors; however, the presence of fever at admission was significantly (p=0-042)
associated with death (table 1). Other than COPD and CKD (chronic kidney disease), other
comorbidities were not significantly associated with death (table 1). Admission Sequential Organ
Failure Assessment (SOFA) score was higher in non survivors. The need for invasive mechanical
ventilation, duration of invasive mechanical ventilation and vasopressor therapy were associated

with death (table 1).

On univariate analysis (table 2), there was an association between increasing age and mortality.
Patients with two or more comorbidities had a 2:25 (95%CI: 1-18-4:29, p=0-014) times increased
chance of mortality. There was a strong mortality association for platelet count <100 * 10°/L (SHR
6:88, 95%CI: 3-61-13:13, p<0-001), neutrophil lymphocyte ratio (NLR) >10 (28.84, 11-92-69.76,
p<0-001), LDH 2450 IU/L (4-88, 2:72-8-75, p<0-001), D-dimer >1mg/L (3:34, 1-55-7-19, p=0-002)
and ferritin 2500ng/mL (4-11, 2-28-7-41, p<0-001). Admission IL-6 levels were significantly
(p<0.001) higher (76.00, 18.27-171.77) in non survivors than in survivors (18.51, 4.26-56.86). By
day 3, IL-6 levels dropped to 11.6 (2.64-45.84) in survivors while it nearly doubled in non-survivors
(140.35, 21.56-427.36). CRP did not show any statistical significance (1.0003, 0.999-1.001,
p=0.080).

The need for invasive ventilation and vasopressors were associated with death (table 2). Increasing
SOFA score was associated with mortality (163, 1-54-1-74, p<0-001). The mean SOFA score at day
0 was 2-30 and 3-05 for survivors and non-survivors respectively. The difference in the SOFA score
progressively increased between the two groups over time (figure 1). Mortality proportionately
also increased with lower PaO,/FiO, values with sub-distribution hazard ratio of 25.64 (14.8-

44.41, p<0-001) in the severe group as compared to the mild group.

Two models were run for multivariable Fine and Gray regression model over a period of time
(table 3). Model A included age, comorbidities, Pa0,/Fi0;, NLR and SOFA score. Model A revealed
significant sub-distribution hazard ratios for Pa0,/FiO; ratio <100 (3-47, 1-64-7-37, p=0-001), NLR
>10 (9-97, 3-65-27.13, p<0-001), SOFA score (1-22, 1-11- 1-35, p<0-001) after adjusting for age and
comorbidities. Model B included age, comorbidities, D-dimer, ferritin and LDH. D-dimer >1 mg/L

(2-50, 1-14-5-48, p=0-022), ferritin 2500 ng/mL (2-67, 1-44-4-96, p=0-002) and LDH =450 IU/L

11
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(296, 1-60-5-45, p=0-001), were associated with mortality after adjusting for age and
comorbidities (table 3). IL-6 was omitted from the model as it was not measured on Day 7.

Discussion

In this study that enrolled patients from across India, we were able to identify clinical, biomarkers
(D-dimer, LDH, ferritin) and SOFA score as factors that could indicate increased risk of death in
moderate and severely ill COVID-19 patients from PLACID trial cohort. The definition of clinical
grading of severity is different in India as compared to other countries (11-15). Mortality of
critically ill COVID-19 patients varies significantly among the published case series, ranging from
16% to 78% (16-22). Similarly two studies from Wuhan, which included moderately as well as
critically ill patients, have shown mortality rates of 3.77% and 14.14% (23,24). This wide variability
can be explained by differences in the age of the population, distribution of risk factors, health
system response across different countries, varied treatment protocols and follow-up. In a series of
critically ill patients in China, 28-day ICU mortality was 61:5% (25). In a multicentric study from
Italy, the mortality risk for patients without respiratory failure at admission was of 1% after 15
days while survival in patients with moderate-to-severe respiratory failure (PaO;/Fi0; <200 mm
Hg) at admission was only 56% at 15 days (26). The fatality rate reported in Europe and the United
States of America is significantly higher than in China (27). Therefore, findings obtained in a specific

country might not be automatically extrapolated and national cohorts must be studied.

In our study population, mortality increased with age, which is similar to the pattern observed in
other countries affected by COVID-19. Age seems to affect the time from hospitalisation to death.
Age-specific death rates was quite similar in studies from Asia, Europe and North America (28).
South Korea, Italy, France, Germany, England and Wales, and Spain COVID-19 attributed mortality
rates rise by about 12%/year while the United States and Wuhan, China showed a slower rate of
increase about 9-5%/year of age (29). In a meta-analysis of 61, 11,583 subjects, 23:2% of patients
were aged =80 years and showed an average mortality rate of 12:10%, the lowest being in China
(3:1%) and the highest in the United Kingdom (20-8%) and New York State (20:99%). In the same
study, highest mortality rate was observed in patients aged =80 years. The largest increase in
mortality risk was observed in patients aged 60 to 69 years compared with those aged 50 to 59

years (odds ratio 3-13, 95% CI: 2-61-3-76) (30).

Presence of comorbidities significantly increases the death risk of COVID-19. A higher risk of
mortality was seen in our patients who had CKD and COPD. Meta-analysis, including 1389 COVID-
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19 patients with 19-7% having severe disease showed a significant association of CKD with severe
COVID-19 with pooled odds ratio as 3-03 (31). Similarly, the estimated mortality risk in patients
with COPD was three times of those without (p<0-05) (32). We found that 43-5% of our patients
had diabetes which is markedly higher as compared to patients from Korea which showed that
16:97% had diabetes mellitus (33). Our analysis showed that the presence of diabetes was not
significantly different between survivors and non survivors (42:5% vs. 49-2%, p=0-310), in
contrast to the study from South Korea (33) which showed a much higher mortality among diabetic
patients than in those without (20-0% vs. 4-8%). Hypertension and obesity were not significantly
different among survivors and non-survivors in our study. However, the presence of two or more

comorbidities was associated with mortality in our study.

Fine-Gray model identified prognostic markers for mortality, most notably age 260 years,
Pa0,/FiO; ratio <100, NLR >10, platelet count <100 x 10%/L, ferritin >500ng/mL, LDH >450 IU/L
and D-dimer >1mg/L. Our study showed similar findings when compared with studies from Wuhan
(34). Older age, leukocytosis, and high LDH level have been reported to be risk factors associated
with in-hospital death in other studies also (35-37). IL-6 levels were significantly different in
survivors and non-survivors at admission. By day 3 survivors had reducing IL-6 while it nearly

doubled in non survivors.

Mortality was higher amongst patients requiring invasive mechanical ventilation (SHR 19-57,
12.21-31.35, p<0.001) and those requiring vasopressors (SHR 11-36, 7.79-16.56, p<0.001).
However, the median duration of invasive ventilation for survivors was 12 days (2, 14) and that for
non-survivors was one day (1, 3). These results suggest that patients with acute respiratory failure
from COVID-19 may recover, even with severe disease requiring longer ventilation, and that
probably the sickest patients die early reflecting lower duration of invasive ventilation in non

survivors. Therefore, invasive ventilation should be timely and effectively provided.

In our study, the SOFA score was recognised as a valuable tool that could be used to prognosticate
outcome of patients with COVID-19. Competing risk regression models showed that the increase in
SOFA score was related to mortality, with a clearly divergent pattern between the two
groups. Thus, an increasing SOFA score over time may be a factor that can be used to identify a

subset of patients who may have an unfavourable outcome. Studies have shown that the SOFA

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 17 of 23

oNOYTULT D WN =

328
329
330
331
332
333
334
335
336
337
338

339

340
341
342
343
344

345

346
347
348
349

350

351

352

353
354
355

BMJ Open

PLACID TRIAL Mortality Assessment

score could be used to evaluate severity and 60-day mortality of COVID-19 with the optimal cut-off
score of 5 (38).

Limitations of the study include the variability of treatment provided in the multiple centres. The
participants of this study may not comprise a true observational cohort as this was a post hoc
analysis of a randomised control trial data and extrapolation to the general population must be
carefully qualified. Our study did not analyse the effect of SARS-CoV-2 variants causing a high
mortality in younger population during the second wave of COVID-19 infection and this may limit
generalisability of the data to the second wave. Despite these limitations, this study provides a
comprehensive overview of prognostic factors in moderate and severely ill COVID-19 patients that

included patients from across the country.
Conclusion

Older age, multiple comorbidities, low Pa02/FiO2 ratio and deranged inflammatory markers are
associated with worse prognosis. Serial SOFA score can be used for prognostication.
Understanding symptoms, burden of comorbidities and systematic monitoring of key laboratory
parameters offer opportunities for targeted intervention in COVID-19 with the use of anti-

inflammatory or immunomodulatory agents.
Figure legend

Figure 1 showing serial Sequential Organ Failure Assessment (SOFA) score among survivors and
non-survivors. Increasing SOFA score was associated with mortality. The mean SOFA score at day
0 was 230 and 305 for survivors and non-survivors respectively. The difference in the SOFA

score showed divergence between the two groups over time.
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493  Table 1: Distribution of demographic variables and clinical parameters in enrolled
494  patients and comparison of survivors and non-survivors in the cohort

Variables Overall (n=451) N (%) Survivor (n=386) N (%) Non survivor (n=65) N (%) P value
Age (Mean * SD) 51+12-4 50+12-4 56+11-3 <0-001"
<40 104 (23-1) 97 (25-1) 7 (10-8)
Age 41-59 225 (49:9) 194 (50-3) 31 (47-7) 0-004
260 122 (27-1) 95 (24-6) 27 (41-5)
Gender: Male 346 (76-7) 294(76-2) 52 (80-0) 0-499
A 104(23-1) 91(23-6) 13(20-0)
Blood group B 164(36-4) 140(36-3) 24(36-9)
AB 25(5-5) 19(4-9) 6(9-2) 0-518
0 158(35-0) 136(35-2) 22(33-8)
History of smoking 37(8-2) 32(8-3) 5(7-7) 0-866
Comorbidities and Chronic illness
Diabetes 196 (43-5) 164 (42-5) 32 (49-2) 0-310
Hypertension 169 (37-5) 139 (36-0) 30 (46-2) 0-118
Chronic obstl_'uctlve 15 (3-3) 10 (2-6) 5 (7-7) 0-050
pulmonary disease
Obesity = 30 31 (6:9) 25 (6:5) 6(9:2) 0-426
Chronic kidney disease 17 (3-8) 11 (2-8) 6(9:2) 0-024
Coronary artery disease 31 (6:9) 23 (6:0) 8(12-3) 0-106
Cerebrovascular disease 4(0-9) 3(0-8) 1(1-5) 0-465
Symptoms at admission
Shortness of breath 413 (91-6) 351 (90-9) 62 (95-4) 0-232
Fever 158 (35:0) 128 (33:2) 30 (46:2) 0-042
Cough 309 (68-5) 259 (67-1) 50 (76+9) 0-115
Fatigue 354 (78-7) 301 (78-2) 53 (81-5) 0-541
Severity of illness score
SOFA score at admission* 2:40 £ 1-06 2:30+0-93 3-05+1-49 <0-001
Treatment
Vasopressor 18 (4-0) 1(0-3) 17 (26+6) <0-001
l(\'l\‘l’ll“,')l“"as“’e Ventilation 446 (98-9) 383 (99-2) 63 (96:9) 0-101
Invasive ventilation 38 (8-4) 4 (1-04) 34 (52-31) <0-001
Interval between symptoms
onset to admission # 43,7) 43,7) 4(3,6) 0-996
Duration of respiratory . .
e Ry 6 (4,10) 6 (4,9-5) 6 (3,10) 0-689
Duration of invasive
ventilation days 1(13) 12(2,14) 1(13) 0020
e oplofbospialicay 14 (10, 18) 14 (11, 19) 8 (5,14) <0-001
days
495
496 # Median (IQR) days in days - Mann Whitney U test was used
497 *Mean + SD - Independent t test was used
19
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Table 2: Univariate Fine and Gray model for baseline characteristics, laboratory parameters and inflammatory biomarkers

Variables Univariate Analysis
Mortality Discharged alive
SHR 95% CI P value SHR 95% CI P value
Age <40 1-00 1-00
41-59 2.04 0.90 - 4.66 0.089 0.80 0.64-1.01 0.057
260 3.51 1.53-8.07 0.003 0.56 0.42-0.73 <0.001
Gender Male 1.19 0.64-2.19 0.582 0.87 0.70 - 1.09 0.228
Blood Group 0 1-00 1-00
A 0.94 0.48 - 1.87 0.866 0.89 0.69 - 1.15 0.389
B 1.13 0.63 - 2.01 0.689 0.93 0.75-1.18 0.578
AB 2.01 0.80 - 5.05 0.139 0.66 0.39-1.11 0.116
Comorbidities No Comorbidities 1-00 1-00
1 1.62 0.82-3.21 0.166 0.79 0.63-0.99 0.044
2 or More 2.25 1.18 - 4.29 0.014 0.70 0.55-0.88 0.003
Neutrophil/Lymphocyte ratio <5 1-00 1-00
5-10 4,90 1.80-13.32 0.002 0.72 0.56 - 0.93 0.013
>10 28.84 11.92 - 69.76 <0.001 0.17 0.12 - 0.26 <0.001
Platelet count* (* 10°/L) <100 6.88 3.61-13.13 <0.001 0.16 0.05-0.49 0.001
=100 1-00 1-00
SOFA score * 1.63 1.54-1.74 <0.001 0.62 0.57 - 0.67 <0.001
D-dimer(mg/L) ¢ <0-5 1-00 1.00
0-5-1-0 1.53 0.63 - 3.67 0.346 0.82 0.64 - 1.06 0.129
>1-0 3.34 1.55-7.19 0.002 0.57 0.45-0.73 <0.001
Ferritin(ng/mL) * <500 1-00 1-00
2500 411 2.28-7.41 <0.001 0.52 0.42 - 0.64 <0.001
CRP?® (mg/L) 1.0003 0.999 - 1.001 0.080 0.99 0.99 - 1.00 0.360
LDH? (IU/L) <450 1-00 1-00
=450 4.88 2.72 -8.75 <0.001 0.53 0.43 - 0.66 <0.001
Pa02/Fi02! <100 (severe) 25.64 14.8-44.41 <0.001 6.5e-08 4.3e-08 - 9.9¢-08 <0.001
100-200(moderate) 5.97 3.05-11.69 <0.001 0.19 0.10-0.36 <0.001
>200 (Mild) 1-00 1-00
Interval from onset of symptoms 1.05 0.96 -1.14 0.334 0.97 0.94 - 1.00 0.058
to admission
Vasopressor support 11.36 7.79 - 16.56 <0.001 0.03 0.004 - 0.22 0.001
Invasive ventilation support 19.57 12.21-31.35 <0.001 0.01 0.002 - 0.09 <0.001

# Laboratory Parameters were measured at day 0, 1,3,5,7 and day 14: $ inflammatory biomarkers values were measured at day 0, 3 and day 7.SHR: Sub-distribution Hazard ratio; CI: Confidence Interval
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3
4 498
6 499 Table 3: Multivariable Fine and Gray Model for baseline characteristics, laboratory parameters and inflammatory biomarkers
7
8 Multivariable Analysis (Model A) Multivariable Analysis (Model B)
9 Variables Mortality Discharged alive Mortality Discharged alive
10 SHR 95% CI P value SHR 95% CI P value SHR 95% CI P value SHR 95% CI P value
11 <40 1-00 1-00 1-00 1-00
12Age 41-59 1.23 0.60 - 2.49 0.572 1.03 0.81-1.32 0.825 1.55 0.65 - 3.71 0.325 0.95 0.74-1.21 0.671
13 260 1.44 0.67 - 3.09 0.347 0.94 0.70-1.26 0.675 1.72 0.67 - 4.46 0.261 0.78 0.57 - 1.06 0.110
14 No Comorbidities 1-00 1-00 1-00 1-00
15Comorbidities 1 1.20 0.69 - 2.10 0.515 0.91 0.72-1.14 0.407 1.31 0.59-2.91 0.509 0.87 0.67-1.11 0.254
16 2 or More 1.76 1.02 - 3.03 0.041 0.89 0.69 - 1.14 0.329 268  1.26-570  0.011 069 052-093 0.014
17 ] .
Neutrophil/Lymphocyte R 1-00 1-00

8rati0* 5-10 3.34 1.21-9.19 0.020 0.81 0.64 -1.03 0.095

9 >10 9.97 3.65-27.13 <0.001 0.39 0.26 - 0.58 <0.001
;?SOFA scoret 1.22 1.11-1.35 <0.001 0.75 0.68-0.83 <0.001
22 <0-5 1.00
23D-dimer(mg/L) $ 0-5-1-0 1.29 0.54-3.10 0.565 0.84 0.65-1.09 0.198

>1-0 2.50 1.14-5.48 0.022 0.64 0.49-0.82 <0.001
24Ferritin(n /mL)$ <500 1-00 1-00
25 g >500 267 144-496 0.002 069  0.55-0.86 0.001
26 <450 1-00 1-00
$

27LDI-I LAY, =450 2.96 1.60 - 5.45 0.001 0.68 0.55 - 0.85 0.001
28 <100 (severe) 3.47 1.64 -7.37 0.001 3.1e-07 1.7e-07 - 5.7e-07  <0.001
29P302/Fi02* 100-200(moderate) 191 0.91 - 4.004 0.087 0.401 0.19-0.85 0.016
i >200 (Mild) 1-00 1-00
;‘1’ 500
32 501 * Laboratory Parameters were measured at day 0, 1,3,5,7 and day 14: * Inflammatory biomarkers values were measured at day 0, 3 and day 7
33
34 502 (Model A) Multivariable Fine and Gray model for Age, comorbidities with Laboratory Parameters, (Model B) Multivariable Fine and Gray model for Age, comorbidities with
35 503 inflammatory biomarker values
36 504 SHR: Sub-distribution Hazard ratio; CI: Confidence Interval
37
38 505
39
40 506
41 21
42
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27 Figure 1: Line graph for SOFA score showing difference between survivors and non survivors

Figure showing serial Sequential Organ Failure Assessment (SOFA) score among survivors and non-
survivors. Increasing SOFA score was associated with mortality. The mean SOFA score at day 0 was
32 230 and 305 for survivors and non-survivors respectively. The difference in the SOFA score
33 showed divergence between the two groups over time.
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Patients enrolled in PLACID
Trial (n=464)

Page 26 of 23

_

Analyzed (n=451)

Survivors
(n=386)

2 patients were lost to
follow-up after discharge

9 patients withdrew
consent after
randomisation

2 patients did not receive
the intervention

Non-survivors
(n=65)

The Convalescent Plasma to Limit COVID-19 Associated Complications in Moderate Disease
(PLACID) Trial recruited 464 eligible patients for the study. The primary outcome at 28 days was
not available for two patients who were lost to follow-up after discharge; nine patients withdrew
consent after randomisation and two patients did not receive the intervention after
randomisation as a matched donor was not available. The cohort with known outcome at 28 days
thus comprised of 451 patients out of whom 386 survived and 65 died.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



BMJ Open

BM) Open

Factors associated with mortality among moderate and
severe COVID 19 patients in India: A secondary analysis of
a Randomised Controlled Trial

Journal: | BMJ Open

Manuscript ID | bmjopen-2021-050571.R3

Article Type: | Original research

Date Submitted by the

Author: | 25-Aug-2021

Complete List of Authors: | Mammen, Joy; Christian Medical College and Hospital Vellore,
Transfsuion Medcine and Immunohaematology

Kumar, Snehil; Christian Medical College and Hospital Vellore,
Transfsuion Medcine and Immunohaematology

Thomas, Lovely; Christian Medical College and Hospital Vellore, Medical
Intensive Care Unit

Kumar, Gunjan ; ICMR, Clinical Trials and Health Systems Research Unit
Zachariah, Anand; Christian Medical College and Hospital Vellore,
Medicine

Jeyaseelan, Lakshmanan; Christian Medical College and Hospital Vellore,
Biostatistics

Peter, John Victor; Christian Medical College and Hospital Vellore,
Medical Intensive Care Unit

Agarwal, Anup; ICMR, Clinical Trial and Health Systems Research Unit
Mukherjee, Aparna; ICMR, Clinical Trials and Health Systems Research
Unit

Chatterjee, Pranab; ICMR, Translational Global Health Policy and
Research Cell

Bhatnagar, Tarun ; National Institute of Epidemiology, ICMR School of
Public Health

Rasalam, Jess; Christian Medical College and Hospital Vellore,
Transfsuion Medcine and Immunohaematology

Chacko, Binila; Christian Medical College and Hospital Vellore, Medical
Intensive Care Unit

Mani, Thenmozhi; Christian Medical College and Hospital Vellore,
Biostatistics

Joy, Melvin; Christian Medical College and Hospital Vellore, Biostatistics
Rupali, Priscilla; Christian Medical College and Hospital Vellore, Infectious
Diseases

Murugesan, Malathi; Christian Medical College and Hospital Vellore,
Hospital Infection Control Commitee

Daniel, Dolly; Christian Medical College and Hospital Vellore, Transfsuion
Medcine and Immunohaematology

Latha, B; Madras Medical College, Transfusion Medicine

Bundas, Sunita; SMS Medical College and Hospital, Transfusion Medicine
Kumar, Vivek; Sir HN Reliance Foundation Hospital and Research Centre,
Critical Care

Dosi, Ravi; Sri Aurobindo Institute of Medical Sciences, Respiratory
Medicine

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 24

oNOYTULT D WN =

BMJ Open

Khambholja, Janakkumar; Smt NHL Municipal Medical College, Internal
Medicine

de Souza, Rosemarie; BYL Nair Charitable Hospital, Department of
Medicine

Chander, B; Gandhi Medical College and Hospital, Internal Medicine
Bahadur, Shalini; Government Institute of Medical Sciences, Pathology
Dube, Simmi; Gandhi Medical College Bhopal, Internal Medicine

Suri, Amit; Atal Bihari Vajpayee Institute of Medical Sciences and Ram
Manohar Lohia Hospital, Pulmonary Medicine

Jindal, Aikaj ; Satguru Pratap Singh Hospitals, Transfusion Medicine
Shrivastav, Om ; Kasturba Hospital for Infectious Diseases, Infectious
diseases

Barge, Vijay; RCSM Government Medical College, Medicine

Bajpayee, Archana; AIIMS Jodphur, Transfusion Medicine

Malhotra, Pankaj; Post Graduate Institute of Medical Education and
Research, Department of Internal Medicine

Singh, Neha; AIIMS Patna, Transfusion Medicine

Tambe, Muralidhar; Department of Community Medicine, B J Govt.
Medical College

Sharma, Nimisha; ESIC Medical College and Hospital Faridabad,
Transfusion Medicine

Bhat, Shreepad; Smt Kashibai Navale Medical College and General
Hospital, Internal Medicine

Kaulgud, Ram; Karnataka Institute of Medical Sciences, Internal
Medicine

Gurtoo, Anil; Lady Hardinge Medical College, Internal Medicine

Reddy, Himanshu; King George Medical College, Internal Medicine
Upadhyay, Kamlesh; Byramjee Jeejabhoy Medical College, Internal
medicine

Jain, Ashish ; Mahatma Gandhi Medical College and Hospital, Respiratory
Medicine

Patel, Tinkal; Government Medical College, Internal Medicine

Nagori, Irfan; GMERS Medical College Gotri Vadodara, Medicine

Jha, Pramod ; Sumandeep Vidyapeeth University, Internal Medicine
Babu, KV; Sri Venkateswara Institute of Medical Sciences, Transfusion
Medicine

Aparna, C; Kurnool Medical College, Pathology

Panjwani, Sunil; Government Medical College, Internal Medicine
Natarajan, M; Madurai Medical College, Internal Medicine

Baldi, Milind; Mahatama Gandhi Memorial Medical College, Internal
Medicine

Khadke, Vrushali; Poona Hospital and Research Centre, Interventional
Pulmonology

Dua, Seema; Super Speciality Paediatric Hospital and Teaching Hospital,
Transfusion Medicine

Singh, Ravindraa; Aditya Birla Memorial Hospital, Transfusion Medicine
Sharma, Ashish; R. D. Gardi Medical College, Medicine

Sharma, Jayashree; Seth GS Medical College and KEM Hospital,
Transfusion Medicine

Gokhale, Yojana; Lokmanya Tilak Municipal Medical College and General
Hospital, Internal Medicine

Yadav, Pragya; National Institute of Virology, Maximum Containment
Laboratory, ICMR

Sapkal, Gajanan; National Institute of Virology, Diagnostic Virology
Group, ICMR

Kaushal, Himanshu; National Institute of Virology, Human Influenza
Group, ICMR

Kumar, Saravana; National Institute of Epidemiology, Epidemiology and
Biostatistics Divison

<b>Primary Subject

Public health

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




oNOYTULT D WN =

BMJ Open

Heading</b>:

Secondary Subject Heading:

Public health

Keywords:

COVID-19, Public health < INFECTIOUS DISEASES, Adult intensive &
critical care < INTENSIVE & CRITICAL CARE

SCHOLA

RONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 24



Page 3 of 24

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/

oNOYTULT D WN =

A W

O 00 N o U

10
11
12
13
14
15
16
17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

BMJ Open Page 4 of 24

PLACID TRIAL Mortality Assessment

Factors associated with mortality among moderate and severe COVID 19 patients in India:
A secondary analysis of a Randomised Controlled Trial

Joy ] Mammen, Snehil Kumar, Lovely Thomas, Gunjan Kumar, Anand Zachariah, Lakshmanan
Jeyaseelan, John Victor Peter, Anup Agarwal, Aparna Mukherjee, Pranab Chatterjee, Tarun
Bhatnagar, Jess Elizabeth Rasalam, Binila Chacko, Thenmozhi Mani, Melvin Joy, Priscilla Rupali,
Malathi Murugesan, Dolly Daniel, B Latha , Sunita Bundas, Vivek Kumar, Ravi Dosi, Janakkumar R
Khambholja, Rosemarie de Souza, B Thrilok Chander, Shalini Bahadur, Simmi Dube, Amit Suri,
Aikaj Jindal, Om Shrivastav, Vijay Barge, Archana Bajpayee, Pankaj Malhotra, Neha Singh,
Muralidhar Tambe, Nimisha Sharma, Shreepad Bhat, Ram S Kaulgud, Anil Gurtoo, D Himanshu
Reddy, Kamlesh Upadhyay, Ashish Jain, Tinkal C Patel, Irfan Nagori, Pramod R Jha, KV Sreedhar
Babu, C Aparna, Sunil Jodharam Panjwani, M Natarajan, Milind Baldi, Vrushali Khirid Khadke,
Seema Dua, Ravindraa Singh, Ashish Sharma, Jayashree Sharma, Yojana A Gokhale, Pragya D

Yadav, Gajanan Sapkal, Himanshu Kaushal, V Saravana Kumar

Corresponding Author:
Joy ] Mammen MD
Professor & Head

Address

Department of Transfusion Medicine and Immunohaematology
Christian Medical College Vellore

Tamil Nadu, India

Pin code 632004

E mail joymammen@cmcvellore.ac.in

Phone +91 416 228 2536

Fax +91 416 223 2035

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 5 of 24

oNOYTULT D WN =

BMJ Open

PLACID TRIAL Mortality Assessment

32

Name

Designation and affiliation

Full Address

Joy ] Mammen

Snehil Kumar
Lovely Thomas
Gunjan Kumar

Anand Zachariah
Lakshmanan Jeyaseelan
John Victor Peter

Anup Agarwal

Aparna Mukherjee
Pranab Chatterjee

Tarun Bhatnagar

Jess Elizabeth Rasalam
Binila Chacko
Thenmozhi Mani

Melvin Joy

Priscilla Rupali

Malathi Murugesan

Dolly Daniel
B Latha

Sunita Bundas
Vivek Kumar

Ravi Dosi
Janakkumar R
Khambholja
Rosemarie de Souza
B Thrilok Chander
Shalini Bahadur
Simmi Dube

Amit Suri

Aikaj Jindal
Om Shrivastav
Vijay Barge

Archana Bajpayee
Pankaj Malhotra
Neha Singh

Muralidhar Tambe

Professor, Department of Transfusion Medicine, Christian Medical College

Senior Resident, Department of Transfusion Medicine, Christian Medical
College

Assistant Professor, Department of Critical Care Medicine, Christian Medical
College

Scientist C, Clinical Trial & Health Systems Research Unit, Indian Council of
Medical Research (ICMR)

Professor, Department of Medicine, Christian Medical College

Professor, Clinical Epidemiology Unit, Christian Medical College
Professor, Department of Critical Care Medicine, Christian Medical College
Consultant, Clinical Trial & Health Systems Research Unit, ICMR

Scientist E, Clinical Trial & Health Systems Research Unit, ICMR

Scientist B, Translational Global Health Policy and Research Cell, ICMR

Scientist E, ICMR School of Public Health, ICMR -National Institute of
Epidemiology
Fellow, Department of Transfusion Medicine, Christian Medical College

Professor, Department of Critical Care Medicine, Christian Medical College
Senior Demonstrator, Department of Biostatistics, Christian Medical College

Associate Research Officer, Department of Biostatistics, Christian Medical
College
Professor, Department of Infectious Diseases, Christian Medical College

Assistant Professor, Hospital Infection Control Committee, Christian Medical
College
Professor, Department of Transfusion Medicine, Christian Medical College

Professor ,Department of Transfusion Medicine, Madras Medical College

Professor, Department of Inmunohaematology and Transfusion Medicine, SMS
Medical College and Hospital

Professor, Department of Critical Care Medicine, Sir H N Reliance Foundation
Hospital

Professor, Department of Respiratory Medicine, Sri Aurobindo Institute of
Medical Sciences

Professor, Department of Internal Medicine, Smt NHL Municipal Medical
College

Professor, Department of Internal Medicine, BYL Nair Charitable Hospital & TN
Medical College

Professor, Department of Internal Medicine, Gandhi Medical College,
Secunderabad

Associate Professor, Department of Pathology, Government Institute of Medical
Sciences

Professor, Department of Internal Medicine, Gandhi Medical College

Professor, Department of Pulmonary Medicine, Atal Bihari Vajpayee Institute of
Medical Sciences and RML Hospital
Professor, Department of Transfusion Medicine, Satguru Partap Singh Hospitals

Professor, Department of Infectious Diseases, Kasturba Hospital
Professor, Department of Medicine, RCSM Government Medical College

Professor, Department of Transfusion Medicine, All India Institute of Medical
Sciences

Professor, Department of Internal Medicine, Post Graduate Institute of Medical
Education and Research

Professor, Department of Transfusion Medicine, All India Institute of Medical
Sciences

Professor, Department of Community Medicine Byramjee Jeejeebhoy Medical
College

Vellore, Tamil Nadu, India.

Vellore, Tamil Nadu, India.
Vellore, Tamil Nadu, India.
New Delhi, India.

Vellore, Tamil Nadu, India.
Vellore, Tamil Nadu, India.
Vellore, Tamil Nadu, India.
New Delhi, India.
New Delhi, India.
New Delhi, India.

Chennai, Tamil, India

Vellore, Tamil Nadu, India.
Vellore, Tamil Nadu, India.
Vellore, Tamil Nadu, India.

Vellore, Tamil Nadu, India.

Vellore, Tamil Nadu, India.

Vellore, Tamil Nadu, India.

Vellore, Tamil Nadu, India.
Chennai, Tamil Nadu, India

Jaipur, Rajasthan, India
Mumbai, Maharashtra, India

Indore, Madhya Pradesh,
India
Ahmedabad, Gujarat, India

Mumbai, Maharashtra, India

Secunderabad, Telangana,
India

Greater Noida, Uttar
Pradesh, India

Bhopal, Madhya Pradesh,
India

New Delhi, India

Ludhiana, Punjab, India
Mumbai, Maharashtra, India
Kolhapur, Maharashtra,

Jodhpur, Rajasthan, India
Chandigarh, India
Patna, Bihar, India

Pune, Maharashtra, India

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

2



oNOYTULT D WN =

BMJ Open

PLACID TRIAL Mortality Assessment

Page 6 of 24

Nimisha Sharma
Shreepad Bhat
Ram S Kaulgud

Anil Gurtoo
D Himanshu Reddy

Kamlesh Upadhyay
Ashish Jain

Tinkal C Patel
Irfan Nagori

Pramod R Jha

KV Sreedhar Babu
C Aparna

Sunil Jodharam

Panjwani
M Natarajan

Milind Baldi

Vrushali Khirid Khadke

Seema Dua

Ravindraa Singh

Ashish Sharma
Jayashree Sharma
Yojana A Gokhale
Pragya D Yadav

Gajanan Sapkal
Himanshu Kaushal

V Saravana Kumar

Professor, Department of Inmunohematology and blood transfusion, ESIC

Medical College and Hospital

Professor, Department of Internal Medicine,Smt. Kashi Bai Navale Medical

College

Professor, Department of Internal Medicine,Karnataka Institute of Medical
Sciences

Professor, Department of Internal Medicine,Lady Hardinge Medical College

Professor, Department of Internal Medicine,King George’s Medical University

Professor, Department of Internal Medicine,Byramjee Jeejeebhoy Medical
College

Professor, Department of Respiratory Medicine, Mahatma Gandhi University of
Medical Sciences and Technology

Professor Department of Internal Medicine, Government Medical College

Professor, Department of Medicine, GMERS Medical College and Hospital

Professor, Department of Internal Medicine, Sumandeep, Vidyapeeth and Dhiraj
Hospital

Professor, Department of Transfusion Medicine, Sri Venkateswra Institute of
Medical Sciences

Professor, Department of Pathology,Kurnool Medical College

Professor, Department of Internal Medicine, Government Medical College

Professor, Department of Internal Medicine, Madurai Medical College

Professor, Department of Respiratory Medicine, Mahatma Gandhi Memorial
Medical College

Professor, Department of Interventional Pulmonology, Poona Hospital and
Research Center

Professor, Department of Transfusion Medicine, Super Specialty Paediatric
Hospital and Post Graduate Teaching Institute

Professor, Department of Transfusion Medicine, Aditya Birla Memorial Hospital

Professor, Department of Medicine,RD Gardi Medical College

Professor, Department Transfusion Medicine, Seth GS Medical College and KEM
Hospital

Professor, Department of Internal Medicine, Lokmanya Tilak Municipal Medical
College & General Hospital

Scientist E, Maximum Containment Laboratory, ICMR - National Institute
Virology

Scientist E, Diagnostic Virology Group, ICMR - National Institute Virology

Scientist B, Human Influenza group, ICMR - National Institute Virology

Scientist B, Epidemiology and Biostatistics Division, ICMR - National Institute
of Epidemiology

Faridabad, Haryana, India
Pune, Maharashtra, India
Hubali, Karnataka, India

New Delhi, India

Lucknow, Uttar Pradesh,
India
Ahmedabad, Gujarat, India

Jaipur, Rajasthan, India

Surat, Gujarat, India
Vadodara, Gujarat,India
Vadodara, Gujarat, India
Tirupati, Andhra Pradesh,
India

Kurnool, Andhra Pradesh,
India

Bhavnagar, Gujarat, India
Madurai, Tamil Nadu, India

Indore, Madhya Pradesh,
India
Pune, Maharashtra, India

Noida, Uttar Pradesh, India

Pune, Maharashtra, India

Ujjain, Madhya Pradesh,
India
Mumbai, Maharashtra, India

Mumbai, Maharashtra, India
Pune, Maharashtra, India

Pune, Maharashtra, India
Pune, Maharashtra, India

Chennai, Tamil Nadu, India

33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 7 of 24

oNOYTULT D WN =

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

BMJ Open

PLACID TRIAL Mortality Assessment

Abstract

Objective:

Large data on the clinical characteristics and outcome of COVID-19 in the Indian population is
scarce.We analysed the factors associated with mortality in a cohort of moderate and severely ill
COVID-19 patients enrolled in a randomised trial on convalescent plasma.

Design:

Secondary analysis of data from a Phase II,0pen Label, Randomised Controlled Trial to Assess the
Safety and Efficacy of Convalescent Plasma to Limit COVID-19 Associated Complications in
Moderate Disease (PLACID TRIAL).

Setting:

39 public and private hospitals across India, during the study period 22 April 2020 to 14 July
2020.

Participants:

Of the 464 patients recruited, two were lost to follow-up, nine withdrew consent and two patients
did not receive the intervention after randomisation.The cohort of 451 participants with known
outcome at 28-days was analysed.

Primary outcome measure:

Factors associated with all-cause mortality at 28-days post-enrolment.

Results:

The mean (SD) age was 51+12-4 years; 76-7% were males.Admission SOFA score was 2-4+1-1.
Non-invasive ventilation, invasive ventilation and vasopressor therapy were required in 98-9%,
8:4% and 4:0% respectively.The 28-day mortality was 14-4%.Median time from symptom onset to
hospital admission was similar in survivors (4 days;IQR 3-7) and non survivors (4 days;IQR 3-
6).Patients with two or more co-morbidities had 2-25(95%ClI:1-18-4-29,p=0-014) times risk of
death.When compared with survivors, admission IL-6 levels were higher (p<0.001) in non-
survivors and increased further on Day 3.0n multivariable Fine and Gray model, severity of illness
(sub-distribution hazard ratio (SHR)1-22,95%CI:1-11-1-35,p<0.001),Pa0,/Fi0, ratio <100
(3:47,1-64-7-37,p=0-001),Neutrophil Lymphocyte ratio (NLR)>10(9-97,3-65-27.13,p<0-001), D-
dimer >1-0mg/L(2-50,1-14-5-48,p=0-022) ferritin 2500ng/mL(2-67,1-44-4-96,p=0-002) and LDH
2450 1U/L (2-96,1-60-5-45,p=0-001) were significantly associated with death.

Conclusion:

In this cohort of moderate and severely ill COVID-19 patients, severity of illness, underlying co-

morbidities and elevated levels of inflammatory markers were significantly associated with death.
4
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Article Summary
Strengths and limitations of this study
Strengths

There is no study from India, with representation from multiple states that has detailed the
clinical profile and evaluated for factors associated with death. This study may help with strategic

planning at a national level.

The primary outcome of the PLACID TRIAL, disease progression or all-cause mortality at day 28,
did not differ across the trial arms, therefore the present analysis need not be adjusted for

convalescent plasma intervention.

There may be variability of treatment provided in the multiple centres, however, care was taken
that patients received best standard of care for COVID-19 dictated by the best available evidence at
the time and guidelines for the management of COVID-19 issued by health authorities of the Indian

government.
Limitations

The laboratory and biomarker assays for ferritin, lactate dehydrogenase, C reactive protein, and D-

dimer were conducted using tests from different manufacturers.

Participants of this study may not comprise a true observational cohort as this was a post hoc
analysis of a randomised control trial data. Our study did not analyse the effect of SARS-CoV-2
variants causing a high mortality in younger population during the second wave of COVID-19

infection, and therefore extrapolation to the general population must be carefully qualified.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

115

116
117
118
119
120
121
122
123

124
125
126
127

128
129
130
131
132
133
134
135
136
137

138
139
140
141
142
143
144
145

BMJ Open Page 10 of 24

PLACID TRIAL Mortality Assessment

Introduction

The first human case of Corona Virus Disease 19 (COVID-19) caused by the novel coronavirus
(named Severe Acute Respiratory Syndrome Coronavirus 2, SARS-CoV-2) was reported in Wuhan
City, China in December 2019. On 30 January 2020, the World Health Organisation (WHO)
declared that the outbreak of COVID-19 constituted a Public Health Emergency of International
Concern (1). Based on the high level of global spread and the severity of COVID-19, on 11 March
2020, the Director-General of the WHO declared the COVID-19 outbreak a pandemic (2). The
sudden outbreak followed by rapid spread in a globalised world, resulted in a huge burden on the

healthcare system, besides affecting the socio-economic well-being among all nations.

In India, the disease was first detected on 30 January 2020 in the state of Kerala, in a student who
returned from Wuhan (3,4). After a brief, initial respite, the virus spread at a rapid pace in India,
resulting in more than 10 million confirmed cases as of December, 2020 with more than 145,000

deaths (5).

Most patients diagnosed with COVID-19 experience mild to moderate respiratory illness, fever, dry
cough and fatigue and recover without requiring special treatment (6). Oxygen desaturation is the
hallmark of progression. Patients with underlying medical problems like cardiovascular disease,
diabetes, chronic respiratory disease, and cancer are more likely to develop serious illness. These
patients may develop viral pneumonia, with resultant dyspnoea and hypoxaemia which may
progress to respiratory or multi- system failure and even death (7). There is paucity of large-scale
data on the clinical characteristics, outcomes of COVID-19 in the Indian population and evaluation
of risk factors with an unfavourable outcome at a national level. Identification of such potential
risk factors is important to anticipate medical treatment and to reduce the mortality burden for

severe COVID-19 illness by proactive interventions.

The Indian Council of Medical Research (ICMR) conducted a randomised trial (A Phase II, Open
Label, Randomised Controlled Trial to Assess the Safety and Efficacy of Convalescent Plasma to
Limit COVID-19 Associated Complications in Moderate Disease, PLACID TRIAL) to determine the
effectiveness and safety of convalescent plasma in patients with moderate and severely ill COVID-
19 to limit progression of disease (8). Patients received standard of care for COVID-19 in keeping
with the institutional protocols, based on the best available evidence at the time and guidelines for
the management of COVID-19 issued by national health authorities. Participants in the intervention
arm received two doses of 200 mL of convalescent plasma, transfused 24 hours apart, in addition

7
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to standard of care. The control arm did not receive any additional therapy. The study concluded

that the use of convalescent plasma was not associated with a reduction in 28-day mortality (8).

The aim of this analysis was to identify risk factors associated with mortality by mining the data

collected from the cohort enrolled in the PLACID TRIAL (8).
Methods
Participants

The study enrolled patients from 39 different hospitals, of which, 29 were teaching public hospitals
and 10 were private facilities across 14 states and union territories. Patients over the age of 18
years who were confirmed to have COVID-19 based on a positive SARS-CoV-2 RT-PCR test and
presenting with moderate and severely illness with either a partial pressure of oxygen in arterial
blood/fraction of inspired oxygen (Pa0,/FiO,) ratio between 200-300 or respiratory rate >24/min
and decreased oxygen saturation on room air (SpO; < 93%) were included during the study period
from 22 April to 14 July 2020. As per the guidelines issued by the Ministry of Health, Government
of India at the time of conduct of the study, the subset of patients with the above criteria but with a
respiratory rate between 24 and 30/min were classified as moderate disease. Those with
respiratory rate >30 breaths/min were classified as severe disease (9). Patients were followed up
for 28-days and assessed for their health status and all-cause mortality. Ethics approval was
obtained from the ICMR Central Ethics Committee on Human Research (CECHR-002/2020) as well
as from the Institutional Review Boards (IRB) / Institutional Ethics Committees of all the
participating hospitals. Written consent was obtained from the patients or their families before

enrolling in the study.
Data

Data was obtained from the ICMR PLACID TRIAL database collected in structured paper case record
forms and entered in Research Electronic Data Capture system (REDCap, version 8-5 Vanderbilt
University, TN). The trial protocol was registered with the Clinical Trial Registry of India
(CTRI/2020/04/024775). After trial completion, based on co-operative agreement between the
centres, and IRB permission, the data was shared and analysed further, to explore for other

meaningful results. No separate ethical clearance was taken for this study.
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Demographic, clinical, laboratory tests and outcome data were collected prospectively. Clinical
symptoms, need for organ support (respiratory, renal, haemodynamic), laboratory tests (complete
blood count, coagulation profile, serum biochemical profile, renal and liver function tests) were
monitored serially on day of enrolment (day 0) and on days 1, 3, 5, 7, 14 and 28. Inflammatory
biomarkers [lactate dehydrogenase (LDH), serum ferritin, and C-reactive protein (CRP)] were
tested at admission and on day 3 and 7 whereas Interleukin 6 (IL-6) was done at admission and on

day 3.

The outcome of interest was all-cause day 28 mortality. In addition, we looked for association

between laboratory parameters and mortality.
Statistical Methods:

Mean and standard deviation (SD) or median and inter-quartile range (IQR) were used for
continuous variables as appropriate, and for categorical variables, number and proportions were
used. To find the association between mortality and study variables, Chi-square test/Fisher’s exact
test were used. To find the mean difference across the groups, independent t-test was used.
Similarly, Mann Whitney U test was used to compare median difference. The primary end-point was
all-cause mortality (event of interest) at day 28 from the time of enrolment, discharged alive
(competing event) and hospital admission after day 28 (censored), whichever was earlier.
Discharged alive was treated as a competing event because the event of “discharged alive” precludes
the event of all-cause mortality. The variables that were statistically significant or clinically
important were considered in the multivariable Fine and Gray regression model. However, if a
variable was expected to have collinear concern or had sparse data, it was not included in the
analysis. Two multivariable models were developed. The first model included clinical and
laboratory parameters tested on day 0, 1, 3, 5, 7, 14 and 28 while the second included inflammatory
biomarkers tested on day 0, 3 and 7, after adjusting for age and comorbidities. Variables that were
considered included parameters that were strongly associated with mortality at univariate analysis
or those known from previous literature to be strongly associated with outcome. For certain
laboratory markers such as D-dimer, ferritin and LDH, clinically relevant thresholds were used for
the analysis rather than using these data as continuous variables. The clinically relevant thresholds
for these variables were set as >1.0 mg/L for D-dimer, 2500 mg/mL for Ferritin and 2450 IU/L for
LDH. The threshold for Ferritin of 500 pg/L was based on the cut-off value for the diagnosis of

Hemophagocytic lymphohistiocytosis (HLH) as well as some preliminary evidence in COVID that a
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threshold of >500 pg/L was associated with invasive ventilator dependence (10). Similarly,
traditionally a threshold of <0.5 mg/L is used to exclude pulmonary thromboembolism; in this
context two thresholds were used, 0.5 to 1.0 mg/L and >1.0 mg/L (11). The model assumption was
verified using log-log S (t) plots and Global test. A p-value of less than 0-05 levels was considered as
statistically significant. All statistical analysis were performed using STATA version 16-0 (StataCorp.

2019. College Station, TX).
Patient and public involvement

Patients and the public were not involved in the design, conduct, reporting, or dissemination plans
of our research. The study results will be disseminated to the study participants via their treating

doctors.
Results

The PLACID Trial recruited 464 eligible patients for the study. The primary outcome at 28-days was
not available for two patients who were lost to follow-up after discharge; nine patients withdrew
consent after randomisation and two patients did not receive the intervention after randomisation
as a matched donor was not available. The cohort with known outcome at 28 days thus comprised

451 patients (supplementary).

The primary outcome of the PLACID TRIAL, disease progression or all-cause mortality at day 28, did
not differ across the trial arms, therefore the analysis did not adjust for convalescent plasma
intervention. The distribution of patients in the intervention and control arms were 50-3% (n=227)
and 49-7% (n=224), respectively. The mean (SD) age of the cohort was 51 * 12-4 years; 76:7% were
males. Table 1 shows the distribution of demographic variables and clinical parameters in the study

population.

The most common presenting symptoms were shortness of breath (91:6%), fatigue (78:7%), cough
(68:5%) and fever (35%). Comorbidities were present in 59.9% of patients; 31.7% had any one
comorbidity and 28-2% had two or more comorbidities. The most frequent comorbidities were
diabetes (43-5%), hypertension (37-5%), obesity (6-9%) and Chronic Obstructive Pulmonary
Disease (COPD) (3:3%). There was history of smoking in 8:2%. The time from onset of symptoms to
admission was four days (IQR 3-7 days). Majority of the patients required non-invasive (98-9%)

ventilatory support. The median duration of respiratory support was six days (IQR 4-10 days). In

10
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this cohort, 4% patients required vasopressor support. None of the patients required Extra

Corporeal Membrane Oxygenation (ECMO) or dialysis support.

The all-cause mortality at 28-days was 14-4% (95%CI: 11-5-17-9, n=65). Median time from
symptom onset to hospital admission was four days in survivors (IQR 3-7 days) and non-survivors
(IQR 3-6 days). The frequency of shortness of breath, cough and fatigue were similar in survivors
and non-survivors; however, the presence of fever at admission was significantly (p=0-042)
associated with death (table 1). Other than COPD and CKD (chronic kidney disease), other
comorbidities were not significantly associated with death (table 1). Admission Sequential Organ
Failure Assessment (SOFA) score was higher in non survivors. The need for invasive mechanical
ventilation, duration of invasive mechanical ventilation and vasopressor therapy were associated

with death (table 1).

On univariate analysis (table 2), there was an association between increasing age and mortality.
Patients with two or more comorbidities had a 2-25 (95%CI: 1-18-4-29, p=0-014) times increased
chance of mortality. There was a strong mortality association for platelet count <100 * 10°/L (SHR
6-88, 95%CI: 3-61-13-13, p<0-001), neutrophil lymphocyte ratio (NLR) >10 (28.84, 11-92-69.76,
p<0-001), LDH 2450 IU/L (4-88, 2:72-8:-75, p<0-001), D-dimer >1mg/L (3:34, 1-55-7-19, p=0-002)
and ferritin 2500ng/mL (4-11, 2-28-7-41, p<0-001). Admission IL-6 levels were significantly
(p<0.001) higher (76.00, 18.27-171.77) in non-survivors than in survivors (18.51, 4.26-56.86). By
day 3, IL-6 levels dropped to 11.6 (2.64-45.84) in survivors while it nearly doubled in non-survivors
(140.35, 21.56-427.36). CRP did not show any statistical significance (1.0003, 0.999-1.001,
p=0.080).

The need for invasive ventilation and vasopressors were associated with death (table 2). Increasing
SOFA score was associated with mortality (1-63, 1-54-1-74, p<0-001). The mean SOFA score at day
0 was 2-30 and 3-05 for survivors and non-survivors respectively. The difference in the SOFA score
progressively increased between the two groups over time (figure 1). Mortality also
proportionately increased with lower Pa0;/FiO, values with sub-distribution hazard ratio (SHR) of

25.64 (14.8-44.41, p<0-001) in the severe group as compared to the mild group.

Two models were run for multivariable Fine and Gray regression model over a period of time

(table 3). Model A included age, comorbidities, PaO,/FiO;, NLR and SOFA score. Model A revealed

significant sub-distribution hazard ratios for Pa0,/FiO; ratio <100 (3:47, 1-64-7-37, p=0-001), NLR

>10 (9-97, 3-65-27.13, p<0-001), SOFA score (1-22, 1-11- 1-35, p<0-001) after adjusting for age and
11
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comorbidities. Model B included age, comorbidities, D-dimer, ferritin and LDH. D-dimer >1 mg/L
(250, 1-14-5-48, p=0-022), ferritin 2500 ng/mL (2-67, 1-44-4-96, p=0-002) and LDH =450 IU/L
(296, 1-60-5-45, p=0-001), were associated with mortality after adjusting for age and

comorbidities (table 3). IL-6 was omitted from the model as it was not measured on Day 7.

Discussion

In this study that enrolled patients in the PLACID trial from across India, SOFA score and clinical
biomarkers like D-dimer, LDH and ferritin were identified as factors that could predict increased
risk of death in moderate and severely ill COVID-19 patients. The definition of clinical grading of
severity is different in India as compared to other countries (12-16). Mortality of critically ill
COVID-19 patients varies significantly among already published case series and ranges from 16%
to 78% (17-23). Two studies from Wuhan, which included moderate as well as critically ill
patients, showed mortality rates of 3.77% and 14.14% (24,25). This wide variability can be
explained by differences in the age of the population, distribution of risk factors, health system
responses, varied treatment protocols and disparate follow-up times. In a series of critically ill
patients in China, the 28-day ICU mortality was 61-5% (26). In a multicentric study from Italy, the
mortality risk for patients without respiratory failure at admission was 1% after 15 days, while
survival in patients with moderate-to-severe respiratory failure (PaO,/Fi0, <200 mm Hg) at
admission was only 56% at 15 days (27). The fatality rate reported in Europe and the United States
of America was significantly higher than in China (28). Therefore, findings obtained in a specific

country might not be automatically extrapolated and national cohorts must be studied.

In our study population, mortality increased with age; this pattern was observed in other countries
affected by COVID-19. Age seemed to affect the time from hospitalisation to death. Age-specific
death rates were quite similar in studies from Asia, Europe and North America (29). In South Korea,
Italy, France, Germany, England and Wales, and Spain, the COVID-19 attributed mortality rates rose
by about 12% per year whereas the United States and Wuhan, China had a lower rate of increase of
about 9-5% per year of age (30). In a meta-analysis of 611,583 subjects, the overall mortality was
12-10%; the lowest mortality rate was reported from China (3:1%) and the highest in the United
Kingdom (20-8%) and New York State (20-99%). Among the patients included in the meta-analysis,

23-2% were 280 years of age; mortality was highest in these patients. The largest increase in
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mortality risk was observed in patients aged 60 to 69 years as compared with those aged 50 to 59

years (odds ratio 3:13,95% CI: 2:61-3-76) (31).

The presence of comorbidities significantly increases the death risk due to COVID-19. A higher risk
of mortality was seen in our patients who had CKD and COPD. A meta-analysis, including 1389
COVID-19 patients, with 19-7% having severe disease showed a significant association of CKD with
severe COVID-19 with pooled odds ratio as 3-03 (32). Similarly, the estimated mortality risk in
patients with COPD was three times than those without (p<0-05) (33). We found that 43-5% of
our patients had diabetes which is markedly higher when compared with patients from Korea
which showed that 16:97% had diabetes mellitus (34). Our analysis showed that the presence of
diabetes was not significantly different between survivors and non-survivors (42:5% vs. 49-2%,
p=0-310), in contrast to the study from South Korea (34) which showed a much higher mortality
among diabetic patients than in those without (20-0% vs. 4-8%). Hypertension and obesity were
not significantly different among survivors and non-survivors in our study. However, the presence

of two or more comorbidities was associated with mortality in our study.

The Fine-Gray model identified prognostic markers for mortality, most notably age =60 years,
Pa0,/FiO; ratio <100, NLR >10, platelet count <100 x 10°/L, ferritin >500ng/mL, LDH >450 IU/L
and D-dimer >1mg/L. Our study findings were similar when compared with studies from Wuhan
(35). Older age, leukocytosis, and high LDH level have been reported to be risk factors associated
with in-hospital death in other studies also (36-38). IL-6 levels were significantly different in
survivors and non-survivors at admission. By day 3 survivors had reducing IL-6 while it nearly

doubled in non-survivors.

Mortality was higher amongst patients requiring invasive mechanical ventilation (SHR 19-57,
12.21-31.35, p<0.001) and those requiring vasopressors (SHR 11-36, 7.79-16.56, p<0.001).
However, the median duration of invasive ventilation for survivors was 12 days (IQR 2, 14) and
that for non-survivors was one day (IQR 1, 3). These results suggest that the sickest patients
probably die very early in the course of hospitalisation, while patients with acute respiratory
failure requiring ventilatory support may survive with prolonged ventilatory support. Therefore,

invasive ventilation should be offered in a timely manner and effectively provided.

In our study, the SOFA score was recognised as a valuable tool that could be used to prognosticate

outcome of patients with COVID-19. Competing risk regression models showed that the increase in
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SOFA score was related to mortality, with a clearly divergent pattern between the two
groups. Thus, an increasing SOFA score over time may be a factor that can be used to identify a
subset of patients who may have an unfavourable outcome. Studies have shown that the SOFA
score could be used to evaluate severity and 60-day mortality of COVID-19 with the optimal cut-off
score of 5 (39).

The limitations of this study include, the variability of treatment provided in the multiple centres.
The participants of this study may not comprise a true observational cohort, as this was a post hoc
analysis of a randomised control trial data and extrapolation to the general population must be
carefully qualified. Our study did not analyse the effect of SARS-CoV-2 variants causing a high
mortality in younger population during the second wave of COVID-19 infection and this may limit
generalisability of the data to the second wave. Despite these limitations, this study provides a
comprehensive overview of prognostic factors in moderate and severely ill COVID-19 patients that

included patients from across the country.
Conclusion

Older age, multiple comorbidities, low Pa0O2/FiO2 ratio and elevated levels of inflammatory
markers are associated with worse prognosis. Serial SOFA score can be used for prognostication.
Understanding the symptoms, burden of comorbidities and systematic monitoring of key
laboratory parameters offer opportunities for targeted intervention in COVID-19 with the use of

anti-inflammatory or immunomodulatory agents.
Figure legend

Figure 1 showing serial Sequential Organ Failure Assessment (SOFA) score among survivors and
non-survivors. Increasing SOFA score was associated with mortality. The mean SOFA score at day
0 was 230 and 305 for survivors and non-survivors respectively. The difference in the SOFA

score showed divergence between the two groups over time.
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497  Table 1: Distribution of demographic variables and clinical parameters in enrolled
498 patients and comparison of survivors and non-survivors in the cohort

Variables Overall (n=451) N (%) Survivor (n=386) N (%) Non survivor (n=65) N (%) P value
Age (Mean * SD) 51£12-4 50£12-4 56+11-3 <0-001"
<40 104 (23-1) 97 (25-1) 7 (10-8)
Age 41-59 225 (49-9) 194 (50-3) 31 (47-7) 0-004
260 122 (27-1) 95 (24-6) 27 (41-5)
Gender: Male 346 (76:7) 294(76-2) 52 (80-0) 0-499
A 104(23-1) 91(23-6) 13(20-0)
Blood group B 164(36-4) 140(36-3) 24(369)
AB 25(5-5) 19(4-9) 6(9-2) 0-518
0 158(35-0) 136(35-2) 22(33-8)
History of smoking 37(8-2) 32(8-3) 5(7-7) 0-866
Comorbidities and Chronic illness
Diabetes 196 (43-5) 164 (42-5) 32 (49-2) 0-310
Hypertension 169 (37-5) 139 (36:0) 30 (46-2) 0-118
Chronic obstructive
pulmonary disease 15 (3-3) 10 (2-6) 5(7-7) 0-050
Obesity = 30 31 (6:9) 25 (6:5) 6 (9-2) 0-426
Chronic kidney disease 17 (3-8) 11 (2-8) 6(9-2) 0-024
Coronary artery disease 31 (6:9) 23 (6:0) 8(12:3) 0-106
Cerebrovascular disease 4(0-9) 3(0-8) 1(1-5) 0-465
Symptoms at admission
Shortness of breath 413 (91-6) 351 (90-9) 62 (95-4) 0-232
Fever 158 (35-0) 128 (33:2) 30 (46-2) 0-042
Cough 309 (68-5) 259 (67-1) 50 (76-9) 0-115
Fatigue 354 (78-7) 301 (78-2) 53 (81-5) 0-541
Severity of illness score
SOFA score at admission* 2:40 +1-06 2:30+0-93 3-05+1-49 <0-001
Treatment
Vasopressor 18 (4:0) 1(0-3) 17 (26-6) <0-001
l(\'l\?lr“,')l“"as“’e Ventilation 446 (98-9) 383 (99-2) 63 (96:9) 0-101
Invasive ventilation 38 (8-4) 4 (1-04) 34 (52-31) <0-001
Interval between symptoms
onset to admission # 4(3,7) 4(3,7) 4(3,6) 0-996
Duration of respiratory
support days# 6 (4, 10) 6 (4,9-5) 6 (3,10) 0-689
Duration of invasive
ventilation days 1(13) 12(2,14) 1(1,3) 0020
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Duration of hospital stay

days 14 (10, 18) 14 (11,19) 8 (5, 14) <0-001

499
500 # Median (IQR) days in days - Mann Whitney U test was used
501 *Mean * SD - Independent t test was used
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Table 2: Univariate Fine and Gray model for baseline characteristics, laboratory parameters and inflammatory biomarkers

BMJ Open

Variables Univariate Analysis
Mortality Discharged alive
SHR 95% CI P value SHR 95% CI P value
Age <40 1-00 1-00
41-59 2.04 0.90 - 4.66 0.089 0.80 0.64-1.01 0.057
260 3.51 1.53-8.07 0.003 0.56 0.42-0.73 <0.001
Gender Male 1.19 0.64-2.19 0.582 0.87 0.70 - 1.09 0.228
Blood Group 0 1-00 1-00
A 0.94 0.48 - 1.87 0.866 0.89 0.69 - 1.15 0.389
B 1.13 0.63 - 2.01 0.689 0.93 0.75-1.18 0.578
AB 2.01 0.80 - 5.05 0.139 0.66 0.39-1.11 0.116
Comorbidities No Comorbidities 1-00 1-00
1 1.62 0.82-3.21 0.166 0.79 0.63-0.99 0.044
2 or More 2.25 1.18 - 4.29 0.014 0.70 0.55-0.88 0.003
Neutrophil/Lymphocyte ratio <5 1-00 1-00
5-10 4,90 1.80-13.32 0.002 0.72 0.56 - 0.93 0.013
>10 28.84 11.92 - 69.76 <0.001 0.17 0.12 - 0.26 <0.001
Platelet count* (* 10°/L) <100 6.88 3.61-13.13 <0.001 0.16 0.05-0.49 0.001
=100 1-00 1-00
SOFA score * 1.63 1.54-1.74 <0.001 0.62 0.57 - 0.67 <0.001
D-dimer(mg/L) ¢ <0-5 1-00 1.00
0-5-1-0 1.53 0.63 - 3.67 0.346 0.82 0.64 - 1.06 0.129
>1-0 3.34 1.55-7.19 0.002 0.57 0.45-0.73 <0.001
Ferritin(ng/mL) * <500 1-00 1-00
2500 411 2.28-7.41 <0.001 0.52 0.42 - 0.64 <0.001
CRP?® (mg/L) 1.0003 0.999 - 1.001 0.080 0.99 0.99 - 1.00 0.360
LDH? (IU/L) <450 1-00 1-00
=450 4.88 2.72 -8.75 <0.001 0.53 0.43 - 0.66 <0.001
Pa02/Fi02! <100 (severe) 25.64 14.8-44.41 <0.001 6.5e-08 4.3e-08 - 9.9¢-08 <0.001
100-200(moderate) 5.97 3.05-11.69 <0.001 0.19 0.10-0.36 <0.001
>200 (Mild) 1-00 1-00
Interval from onset of symptoms 1.05 0.96 -1.14 0.334 0.97 0.94 - 1.00 0.058
to admission
Vasopressor support 11.36 7.79 - 16.56 <0.001 0.03 0.004 - 0.22 0.001
Invasive ventilation support 19.57 12.21-31.35 <0.001 0.01 0.002 - 0.09 <0.001

# Laboratory Parameters were measured at day 0, 1,3,5,7 and day 14: $ inflammatory biomarkers values were measured at day 0, 3 and day 7.SHR: Sub-distribution Hazard ratio; CI: Confidence Interval
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1
2
3
4 502
6 503 Table 3: Multivariable Fine and Gray Model for baseline characteristics, laboratory parameters and inflammatory biomarkers
7
8 Multivariable Analysis (Model A) Multivariable Analysis (Model B)
9 Variables Mortality Discharged alive Mortality Discharged alive
10 SHR 95% CI P value SHR 95% CI P value SHR 95% CI P value SHR 95% CI P value
11 <40 1-00 1-00 1-00 1-00
12Age 41-59 1.23 0.60 - 2.49 0.572 1.03 0.81-1.32 0.825 1.55 0.65 - 3.71 0.325 0.95 0.74-1.21 0.671
13 260 1.44 0.67 - 3.09 0.347 0.94 0.70-1.26 0.675 1.72 0.67 - 4.46 0.261 0.78 0.57 - 1.06 0.110
14 No Comorbidities 1-00 1-00 1-00 1-00
15Comorbidities 1 1.20 0.69 - 2.10 0.515 0.91 0.72-1.14 0.407 1.31 0.59-2.91 0.509 0.87 0.67-1.11 0.254
16 2 or More 1.76 1.02-3.03 0.041 0.89 0.69-1.14 0.329 2.68 1.26-5.70 0.011 0.69 0.52-0.93 0.014
17 . .
Neutrophil/Lymphocyte R 1-00 1-00

8 atio 5-10 3.34 1.21-9.19 0.020 0.81 0.64-1.03 0.095

9 >10 9.97 3.65-27.13 <0.001 0.39 0.26 - 0.58 <0.001
;?SOFA score ! 1.22 1.11-1.35 <0.001 0.75 0.68-0.83 <0.001
22 <0-5 1.00
2_:,’D-dimer(mg/L) $ 0-5-1-0 1.29 0.54-3.10 0.565 0.84 0.65-1.09 0.198

>1-0 2.50 1.14-5.48 0.022 0.64 0.49-0.82 <0.001
24Ferritin(n /mL)$ <500 1-00 1-00
25 g >500 267 144-496 0.002 069  0.55-0.86 0.001
26 <450 1-00 1-00
$

27LDI-I LAY, =450 2.96 1.60 - 5.45 0.001 0.68 0.55 - 0.85 0.001
28 <100 (severe) 3.47 1.64 -7.37 0.001 3.1e-07 1.7e-07 - 5.7e-07  <0.001
29Pa02/Fi02* 100-200(moderate) 191 0.91 - 4.004 0.087 0.401 0.19-0.85 0.016
i >200 (Mild) 1-00 1-00
;‘1’ 504
32 505 * Laboratory Parameters were measured at day 0, 1,3,5,7 and day 14: * Inflammatory biomarkers values were measured at day 0, 3 and day 7
33
34 506 (Model A) Multivariable Fine and Gray model for Age, comorbidities with Laboratory Parameters, (Model B) Multivariable Fine and Gray model for Age, comorbidities with
35 507  inflammatory biomarker values
36 508 SHR: Sub-distribution Hazard ratio; CI: Confidence Interval
37
38 509
39
40 510
41 22
42
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Figure 1: Line graph for SOFA score showing difference between survivors and non survivors

Figure showing serial Sequential Organ Failure Assessment (SOFA) score among survivors and non-
survivors. Increasing SOFA score was associated with mortality. The mean SOFA score at day 0 was
230 and 3¢05 for survivors and non-survivors respectively. The difference in the SOFA score
showed divergence between the two groups over time.
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Supplementary

Flowchart for the study protocol

BMJ Open

Patients enrolled in PLACID
Trial (n=464)

_

Analyzed (n=451)

Survivors
(n=386)

2 patients were lost to
follow-up after discharge

9 patients withdrew
consent after
randomisation

2 patients did not receive
the intervention

Non-survivors
(n=65)

The Convalescent Plasma to Limit COVID-19 Associated Complications in Moderate Disease
(PLACID) Trial recruited 464 eligible patients for the study. The primary outcome at 28 days was
not available for two patients who were lost to follow-up after discharge; nine patients withdrew
consent after randomisation and two patients did not receive the intervention after
randomisation as a matched donor was not available. The cohort with known outcome at 28 days
thus comprised of 451 patients out of whom 386 survived and 65 died.
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